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PREFAGE 

In tho spring of 1880, wlien technical education M’as 
l)Cginning seriously to occupy attentjpn in this country, I 
was requested hy the Council of the Bradford Technical 
College, then recently founded, to deliver a series of le(;tures 
<in the “Structure of the Cotton Fibre in its relation to 
Technical Applications,” and these were given in the large 
lecture theatre of the Bradford Mechanics’ Institute, as the 
buildings of the ^^'eehuical College were not completed. 
These lectures were printed in a volume issued by myself 
in 1881, and followed by a se«ond edition in 1882. 

^n 1884 I delivered a simijjir course of lectures on the 
“ Structure of the Wool Fibre jn its relation to 'rechnfcal 
Applicatioiffe,” which were deliveredfin Bradford, Hudders¬ 
field, and afterwards in a risumd ^t Nottingham University 
College,, and published in the spring of 1885. Both these 
books had a largo salo^ and wer» accepted as the standard 
works on tho suhjedi, alike in this country, America, and 
on the Continent. They were, I l)elicve, with th* exception 
of a few detached papers published in scientific journals, 
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the first serious attempt to place ^ur knowledge ot these 
'ii^t),res upon a thoroughly scientific basis. 

When, in 1886, I was selected by the Koyal Commission 
of the Indian and Colonial Exhibition* to reportton the 
woofs there exhibited, I had the opportunity of examining 
. probablyc the finest collection df'wools which‘had up to 
that time been gathered together, and made extensive notes 
for future reference. 

The books above named have long been out of print, 
and although many works have since appeared dealing 
with the same subject, my work and results have been 
lai^-;ely embodied in them all, either acknowledged or 
unacknowledged, and the sketches of tljo fibres which 1 
made have been universally accepted as authoritative. 

I have had many requests, and cspccifdly within the 
last twelve months, to revise them and bring them up 
to date. Fortunately, during the timb since they were 
published I have made a large number of experiments and 
o])servations and sketches, and when the present publishers 
accepted my ofler to write for them a raonbgraph on the 
subgect, to be included in tliis series of their tcchnolo^cal 
handbooks, I felt the fj^iportunity was not to be neglected. 

The present volume, therefore, forms the^ sccoucj of three 

« 

books on “ the cotton, wool, silk and other allied fibres in 
their relation to technical^ apidications,” and<*tho third will 
follow as early as possible. % ^ 

This Vojk will, so far as I can make it, cover the wliole 
•ground in relation to the wool fy)re. 
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I Resiiatod for^sotni^timo bcfo?o deciding whetlier the 
illustrations should bo photograpliic or graphic, but decidoil, 
ia favour of the latter, as the typical distinctions whicli I 

• t 

wish t^ emphasis^ are only to l)o*found in single fibres 
that are mixed in the ilcecc with thousands of otjiers, 
which phonography caui'tjf select or show to the»ii^mc 
advantage, although clearly perceptible to tlte *eyc, and 
which distinctions are best represented diagraminatieally 
for cSiicational purposes,—just as a paiiiAed poitrait 
can be made more characteristic than the most artistic 
photograph, as the individuality can he better brought 
out. 

The scope of t^ie work is the fibre itself, and its relation 
to the various pro(;esscs of manufacture, both mechanical 
and chemical, %.thm' than the methods employed in manu¬ 
facture, my ol?ject being to summarise the distinctive 
character of the Haw materia!, ujton the nature of wliich 
all the changes in the jirocess of manufacture must he based 
if the host results are to be obtained. Hence I deal not 
with the maihinery hut wfth the raw material which 
ii^reats, and have to assift me in this inquiry^an 
extensive knowledge of the ftiacl^ineiy used, as having 
been practically engaged, on a large scale, in both the 
cotton and worsted spinning •industries. Thus when 
looking* at tl^e fibre* from the mechanical side of the 
question, I examin^ it as I should any other structural 
materia!, from an engineering standpoint, so as to deterifline 
what its different qualities are, and how they may be Ijest^ 
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‘utilised iu connection with any m^^liod manufacture, so 
«iis to enable those who wish tcf manipulate it to avoid such ^ 
erTors as in stmctural iron-work ^o\ild be made if cast- 
iron was to be employed to resist tcnsior and wrou^ht-iron 
compression. So also, when dealing with the question of 
dyqiiTg, my inquiry was confine^ •to the methqjl in which 
the fibre l^nds itself to the reception of the dye, and 
the way in wtiich, the dyc-stutt' is received by the fibre 
rather thaiuthc methods employed to dye it, although 
the limitations of these methods arc always taken into 
consideration. I have endeavoured also to embody, so far 
as I was able, the res'carches of others in the same direction 
ivs my own, and have, whciever I couhl ti^icc these sources, 
acknowkvlged them by reference. I am indebted to Mr. 
dames M‘l\ Miller, L».8c., in reference to rc?t'ling the proofs 
of the chapter on dyeing, and to Mr. A.diocgger, Chair¬ 
man of the British Cotton and Wool Dyers’ Association, 
Ltd., who supplied me with complete ranges of samples of 
grey and dyed yarns. I have also to thank the publishers, 
printers, and artists, who have combined to ».\ako the work 
a giccess, and especially iit- the faithful rcproductionT'bf 
my drawings; which will I'euder it additionally^.interesting 
to the readers. 

c 

I give a list on page^xx of the various works which 
I have consulted during the last few'-ycars. ^ 

Although this work docs not profpss to be exhaustive, 
it ft, nefcverthelcss, so far as I can make it, a of 

our knowledge on the subject up to the present day, and I 
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Hope Its perusal tmay stimulate further research in those 
directions in which our niformation is yet incomplckn 
With this wish I send it forth as my contribution to'the 
inateiWs which ^nust form the lihse of a higher techno¬ 
logical knowledge, upon which the commercial prosperity 
of the British peo])le*niust in the future dei)en11.*an(l 
subscribe myself 

R 11. BOWMAN. 


MANCHKSTErv, Siylcmhcr 1908. 
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GLOSSARY 

OK, explanations of some of the 

TEKJ^S USED IN THIS AVOKK’ 

Abnormal. An irregular growth or occurrence. 

Absorption bands. * The ‘lock hands observed with the speftra- 
sc'ope when light is passed tlirongh any lueditim wliich * 
destroys or absorbs a ])ortion* of the vibrations. 

Albumin. Matter possessing the same properties as the Vbile 
of an egg. 

Albuminoid. Matter similar to albumin, bit slightly ditfer* 
ing from it in some of its reactions, such as casein and 
fibrin. * 

Aldohydo. A class of organic compounds intermediate between 
alcohols and acids. 

Adizariio. The red colouring matter of the madder root; 
bow prepared from coal-tar. 

Aikftline ley. A solution of an alkaline salt. 

Alpaca. The hair of the Alpaca goat. 

Analysis. The breaking up of a substance into its simplest 
constituents, so as to determine their qualitative or 
qi^antitative relations. 

Anastomosing. Crossing and re-dnteriii^' at irregular intervals. 

Anhy lroiia. *Con1|fiining no water or elejnenlS of iivater in 

♦ combination. 

AnHine. An aromatic bfte occumng in coabter an«^ similar 
products of the distillation of nitrojenuiis uodies, usually 
prepared from the benzine of coal-tar. 

Ar obil A purple colouring -matter obtained from certain 
species of lichens. 
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Areolo-fibrous. Fibrous tissue with lai^e irregular meshes.. 

Aromatic Possessing a ^)leaisant odour. ® 

•it A ' 

Bombycidse. The family of insects of which the silk-worm is 
the early stdge. ' 

Britch. The extremity of the fleece at the tail end of the sheep 
or ,goat. ^ 

Brokes. Short locks of wool found on the edge of the fleece 
ill the region of the neck anti belly. 

Callosities. Hard hoofs on the surface of the Skin. 

Cap spinning. Spinning by means of a steel cap placed*moulh 
downwards over the spindle instead of a flyer. 

Carding. The process of drawing the v;pol through fine wire 
teeth fixed upon rollers revolving at different speeds. 

Case. To separate Heeces of wool into their various ijualities. 

Cellulose. The chemical substance of which the cell-wall in 
plants is composeii. 

Chromatic. Relating to coloured light. 

Cocoon. The envelope of silk thread in whicli the silk-worm 
encloses itseld wlieii in the pupa state. 

Colloid. A substance which will not crystallise. 

Colloidal. Possessing the property of a colloid. 

Combing. The process of drawing wool through the teeth of a 
comb either by hand or machine. 

Convex. Curved outward like a bow. 

Corium. The lowest layer of whicli the skin is composed. 

Cortical. The cellulo-Hbrous part of the hair structure. 

Cots. Matted locks of wool forming a hard felt in the fleece. 

Counts. The nuniher giyen to any yarn according to the 
number of hanks in a pound. 

Cow-tail. The coarsest hair at the tail end of the fleecy 

Cross. To mix the breed by coupling two sheep possessing 
different “properties. . , . ^ 

Crystalloid. A uietallic or organic substance whicli has th& 
power of crystallising. ' 

Cudbear. A colouriijg matter obtained from certain species of 
' lichens. 

Cuticle. The scarf skin or outermost laye'f of tlie skin ; also > 
any thin membrane. 
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Denticulate^. Having teeth like a|Suw. 

Dennis or derma. The deepeiiskin lying benejfii tlie^iVie 
miimum. • % 

Desiderata. l:^me fliingji 8i>ecially to he de.sireil. 

Dialyser. A menibrane which posrsesses theYower of allowing 
certain substances to pass through it, wliile it rejects other 
substances in the same solution. 

Dialysis. The meliiod of analysis by URans of a dialysing 
membrane. 

Diameters. When applied to micioscopy signifies the number 
of times that a linear inch is niagiiitied by the eye-*picCe 
and object-glass in use. 

Differentiation. The setting apoit of separate orgiais for the 
perfonnatl^# of speeilic functions. ^ 

Diffraction grating** A sot of closely ruled lines for the 
purpo.se of decpmposiiig white into coloured light. 

Dissociation. The breaking-up of compounds into thedv con¬ 
stituents. ^ 

Drawing A process which arranges tiie fibres in parallel 
lines by passing through rollers nmuiug at different 
speeds. 

Electric arc. The space occupied by tlie ligiit between tlie 
poles of an electric light or battery. • 

Eliminate. To separate I'rom or remove out of anything. 

finpyrenmatic. A pleasant jumgeut odorous smell of hurning. 

EmulAon. A lliick solution as of soap in water. 

Endochrome. The coloured sulistance within animal or vege¬ 
table cells. 

Environment. The surrounding of any cicature or thing. 

Epidermal, ftefating to the oiitei^skin. 

Epidermis. The outer layer or skin. 

Epitl^lial. The lining membrane of any cavities within the 
animal body. ^ 

Eltyfescence.* A^jrowth upon the surlSce^of nu^’ body. 

•Eye-pleoB. The top part of the microscope«to which the eye is 
• applied, and which An be removed to iinrease decrease 
the magnifying powe^ 

Ewe. A feiiiale sheep or goat. 

Pelimonger. One Who deals in skin wool, or removes the 
wool from tl!fe hides y skins before tanning. 
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Felting. Matting or entangling by motion and ^essure. 
Fei^estrab^d. Having regulsr lozenge-shaped openings like 
the woodwork of ^ veranda or glass in a cathedral window.' 
Fibrillse. Small fibres which build the larger fibrous 
tissues. 

Fibroin. * One of the substances of which silk is composed. - 
Finisliing. The process of getting aud giving a proper.surface 
to goods after tiie manufacture and dyeing are concluded. 
Fleece. The pelt or mass of wool removed from the sheep by 
the process of shearing. 

Fly spinning. The process of spinning on to a bobbin by 
means of a flyer. 

Foetal. 'Relating to the fietus., 

l^cetns. The young of a mammal before birth. 

Follicle. The involuted sac or bag whicQ-i contains the hair or 
wool within the skim 

Frame. A machine which carries tlie rollers and accessories 
for spinning or doubling, by means of a flyer, caj*, or ring 
and traveller. 

Fulling. The process of cleansing and shrinking cloth by 
means of moist heat and pressure. 

Fundamental. 'I’hat wliich lies at the base of any object or 
operation. 

Fustic. The wood of the Merrui tinctoria, a tree growing in the 
West Indies, and which yields a yellow dye. 

Gelatine. A substance allied to albumin, which fo^ms the 
basis of animal tissues. 

Gossypium. The generic name for the cotton plant. 
Graduated. Having regular divisions like the dial of a clock 
or the surface of a measuring rule. 

Half-bred. A cross between two different classes of sheep, t 
Halegen. A substance which by combination with-oi^ metal 
forms a l^aloid salt, such as common srlt. ^ 

Hank. In worsted, 660 yards wound on io a 36-in. letii ; in 
cotton and silk, 840 yards' on a 54-in. reel. ^ 

Hask. ' Dry ani hard, or unpliabie^ 

Histology. The science which treats of '^the structure of 
organic tissues, . • 

Hog or hogget. A she^p before its first shearing. 
Homogeneous. Uniform in structure throffdhout 
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Imbncated.^ Lying over each ot])|r like tiles or slates on a 

roof. 

Incineraifced. Burnt to ashes. 

Infra-red. Beyond Ue red portion of the spectrum. 
Inspissated. Dried up. > 

Iridescence. A play of colours like those seen on^hiotlier-of- 
pearl. 

Kemps. Fibres of wool posse.ssing no cellular structure. 

Lachrymal sinuses. *Glan(l3 in tlie corner of the eyes. 
Laminated. Built up in layers like leaves of a book. 

Lea. Tlie seventh jmrt of a hank ; in worsted, fiOwards; in 
cotton an^iriilk, 1‘20 yards. ^ 

Ley. A solution of^ny substance, but specially used for alka¬ 
line solutions., 

Linace». The generic name for the class of plant frojii tyhicli 
• linen ia derived. ^ 

Litmus. A blue pigment derived from various species of 
licbena, which changes to blue on the application ot acids. 
Lixiviated. Dissolved out in water. 

Logwood. The wood of the tree Ihvmaioxf^oii (■amp^.hvinim. 
Lorications. Having a scaly structure like the back of a 
crocodile. 

Luminiferous ether. The ether which forms the physical 
basis or mechanism of light. 

Lympratic vessels. Tlie vessels which convey a colourless 
fluid called lymph witliin the animal body. 

Madder. Th^ plant from the root of which alizarine was 
formerly derived. • 

Malpighi!. Named after Malpighi the discoverer. 

Mali^ceaj. The generic name for the class of plants to which 
the mar||i maljow belongs. « ^ 

A qUhlity of wool ilf the kst^art of the fleece. 
'M^ulh? The pith or central axis of a stefli or fibre. 

Merino. A breed of she^ originally confined^o Spiiti- 
Meteorological.* change*dependent the atmosphere, such 
*• as rain, snowier wind. - 

Miorometer A machine for measuring minute quantities of 
lineal: apace.* 
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Microscope. An iiibtruiiicnt for magnifying objegts. 

Mif^dle-yif^lled. lateimt'vUafce between long and short woolled * 
slieep.. a’ t. 0 

Millimetre. The thuusandtli part of rf'metre, *03939 of an 
incii. 

Milling. ^ The provesa of thickening cloth by heating or 
pressure. 

Modifleition. Cljanges produced in an animal or plant by 
slow degrees. 

Mohair. Tlie hair of the Angora goat. 

Molecule. The smallest poitioii of ii coiiipound substance 
ill which its properties can inlieiv. 

Monochpomatic. Only possessing one r(»luur. 

Mordant. A suhstance used to li.K or intensify the colour of a 
ilye. • 

Mousseline-de-laine. A line fabric produced from wool. 

Mulf. A machine in whicli the spindles are placed upon a 
carriage whicli tlraws out. from liie rollers when the \arn 
is spinning and retuni.s to them when the yarn is being 
wound on to the cop. 

Mule spinning. Spinning yarn on a mule in place of a 
spinning fraihe. 

Nascent. The -state, of activity of a substance when first set 
free from combination. 

Nitrogenised. United or associated witli nitrogen. 

Normal. The usual or ordinary condition of anything* 

Nucleated. Po-ssessing a nucleu?. 

Nucleus. Tile centre from which germination commences. 

Object-glass. Tlie small compound lens whicli first receives 
the light in a microscope. 

Objective. A short name for the object-glass. ^ 

Pack. A measure of .weight in wool, usiiaMy 2-fO lbs. 

Papilla. Small rar.sed paps'or protuberances. 0 

Papillary layer. The third layer of which the skin is cgm-*. 
pos?d, forming the highest laye^ of the dermis. 

Pellucid. Clear or tfanslucent. <r- 

^'Picric acid. Called also trinitrophenic acit^. An oignnic acid 
produced by the action of nitric acid on phenol and ether 
girganic substances. ^ 
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Pigment. 4 coloured paint, as distinguished from a dye. 

Polarised li^t. A ray dr ra^j^s^o^ light, in whisk all ^he 
Inmmous vibrations are either in ^ne 4;)lane«dr in two 
planes at right angles to each other. Circular or ellip¬ 
tical polarised light is where the pla*^e or planes of 
polarisation are rotating round the axis of tlie •ray in a 
circular or elliptical form. 

Polygonal. A figure having many sides. • 

Precipitated. Thrown down in a flocculent manner from solu¬ 
tion by a chemical reagent. 

Prism. A triangular-8hai>ed piece of glass used to analyse 
light into its constituent colours. 

Protein. A nitrogenous compound, formerly supposed tn be 
the base o^|).bumin and other allied bodies. • 

Protoplasm. The prj*nitive matter which forms the structure 

of cells and is the physical basis of life. 

» 

Bam. A male sheep. 

Eationale. The reason or cause^wliy, 

Beagents. Chemical substances used to act upon othem sub¬ 
stances as tests for their natiire. 

Reducing agent. Any ^ent which deprives anojiher of 
oxygen. 

Beflez action. The action caused on one parj of tlie system 
by a change produced in another part which acts on the 
nervous system. 

Befrangibility. Tiie degree of bending which any ray under- 
goe# in passing through a prism. 

Eete mucosum. The second layer of which the skin is com¬ 
posed, lying immediately below the cearf skin. 

Botina. The s^isitivc part at the hack of the eye upon which 
the impression of objects is received. 

Bing sninning. Spinning by means of a ring and traveller in 
place of a fly or a cap. 

Et£Las of t|lU]^. Buies acquired by exf^rience Only. 
u • * * 

Say^casi • The coarsest part of tlie fleece at the fail end of the 
sheep. • 

Scroop. The peculiar noisg made by sift when squeezed ii^ 
the band. • % 

Sericln. A chemical* substance of which silk is in 'part 
composed 
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Serrated. Possessing teeth like a saw. ^ 

Si?\gle yrm. Yarn Wit5 only one strand or thread. 

Sorter, ‘’pne ^^ho^ sorts or divides wool into various 
qualities. 

Sorting. Dividing wool into its various qualities. 

Sorting4)oard. The table on which w’ool is sorted. 

Specialist. One who devotes attention to one subject or bmnch 
o^knowledge^ftlone. 

Spectroscope. An instnuuent for examining light when passed 
through a prism. 

Spectrum. The coloured band of lij^it produced by passing 
white light through a prism or reflecting it from a fine 
ruled surface. 

/^pinnaret. The gland or opening in the bojl) of a silk-worm 
through wliicli the silk gum is exiiied. 

Staple. The lock of wool or hair which is formed by the 
aggregation of fibres in the fleece. ^ 

Stapler. A merchant who buys wool from the farmer and 
sorts it into its various ifualities for the manufacturer. 

Suddriparous. Relating to the glands wliich exude the sweat 
or perspiration from the skin. 

Suint 9t yolk, f The fatty secretion from the skin of the sheep 
which is always associated with the wool. 

(■ 

Tannin. An astringent substance found in oak and other 
harks. 

Technology. The science of the application of science or art 
to manufacturing industry. 

Topping^. The dirt and accumulation of clay, etc., found on 
the skirts of the fleece. 

Translucency. Partial tpnsparency, as in th4 cfisc of horn. 

Tubercle. A small tube or duct 

Tumefied. Shrivelled into a carbonaceous mass by tlA action 
of heat. ^ u 

Turmeric- A yellow colouring matter ol[>;»aine?l from the root 
of AmomurtfCurcuim, a plant found in India aid Java, s 

Twined'. A tiiachinc for doubling* similar to a mule, as dfstin- 
guished from a‘frame. o 

^^Twist. The turns or revolutions roun^j the# axis put iptf 
thread. r 

Twofold yam. Yarn having two* strands (ir threads. 





mtra-violet. Beyond the violet ra^a in the apeetrnn,. 

Wether. A sheep after the fiist shearinR • 

Wool 8 tanIer“‘'V^ T”™’ f ^^^rsted, ■ 

wool stapler, A wool merchant. 

“f a« 1 aid in a 

.parallel direction before twisting, 

^ 7°’''*”'"""*“8 '>"■ “l'». w bnWnna 

or hanka, md measuring the length of the yarn. 

Yarn. Fibre when spun into thread. 

Yara-tester. *4 machine for testing the strengtli of yarn 

whicli is always asaociated with the wool. 




CONTENTS 


CHAPTEU I 

I'AOli 

JnTUODI'CTION . . . . 1 

Atlvaiitagcs of Education—strides made by 

conijictitors—1'i'ogt'c.ss in oliicatioii in Geviiiuiiy aud its 
results—Awakoning in tint East —Jaiuiii- China—Britain's 
advaiitagc4;i geograi>hieal position—(Jeneial priiu-iples of 
mamifaetnr^—Mistakes from want of knowledge--'Noglcct 
of ])recautions—Freiieli v. Hritisli meliiods of treating 
wool- -Inipovti^ce of early stages—Use of the micro¬ 
scope—Attention to breed in sheep-Iinportancc of 
selection of raw inatcruil—Care in chemical treatment. 


UllAFTEU il 

Or.ASrtlFlCATION OK FiBBWS.II 

Variety jow reipiired—Sources of raw material—Vegetable 
fibres—Cotton—Flax—Hemp—Jute-Ramie fibre—China 
gr^ss—Silk—Animal fibres—Microscopical and chemical 
distinctions — CarlSobydratcs— Albuminoids—Proteids— 
Method of microscopical im^uir^—Microscope and range 
ofa power—Charafteristics and growth of cotton fibre—. 
Variation in length and diameter—Flax, its nature aud 
treatment—Variations in length and diameter—Silk— ■ 
Varieties—Strength—Chemical composition. 

xi 



Xll 


fVOOL FIBRE 


OHAPTKK III 

PAOR 

STRrCTURK yP THK SkIN . . 38 

• * ' # 

I’liy.siological inquiry—Wool- and hair-boariiig animals—Hair 

-Wool—Tlio skin —StriicLiuc— Kpidinniis—Dermis or 
ciitj^ vera—Section of tlie skin --Ap[>'yMlaj'es of the skin 
S^eat snilori|>iirous gbi^ds—SoDaceous or oil glands— 

Hair follicTos —Cliaracteristics of hair—Structure of hair 
- - Variations ^n lengtli and diameter — Microscopical 
appearance. 


CHAPTER IV 

OkKUN and l)KVKL(>l’MIj|NT OF TUli HaIR . . . ()1 

Striiftiirc of hair follicle—Devclopnicnl of follicle -KvoUition 
and involution -Total hair —Be<l-Iiair- -Modifications 
of hair-♦•Felting of hair- Typical wool (ihre—Variation 
in wool and hair—Microscojiii^al character of wool. 


CHAPTER 

Variations in Hair Stri cturI'; ... 79 

Classification of hairs-Bristles —Bristlc-hairs—Bcarddiairs— 

Wool—Oliaracteristics of wooh-'Ciul in wool -Variation 
in curl—Variations in hair of ditlcrent aininals—Classi- 
lication of wool fibres—Aniimti hair—Alpaca—Mohair— 

Time wool fibres—Examples «of fibres—Solid structure— 

Kemps —Atrophy in ^brts — Hypertrophy in Iibi%.s — 
Examples of normal and abnormal forma. 

CHAPTER VI. 

« • 

History, Claskification, and Variktiuk op Sheei’^ 

^Ni) Qoats.105 

History-Wil^ and cultivated animals — Coats—The Aoudad 
— Varieties of sheep— Ot*i^ iiin%u))i or Argali —OHs 



CONTENTS 


xiii 

)’A(iE 

musimon fir Ow's aries—Om nm^m or Big 

Horn-- Classification of iihcej)—Kurope—Asia--Africa— 
America—Tiio Argali—Rocky Mountain slicci)—Musnmi 
— Highland sheep—Iriah slioep—Exmoor 

or Dartmoor sliccp—Black-faced ^hcath sheep—Cheviot 
^fecep — Ilercrtvick sheep —Ancient upland breed —Old 
Norfolk sheep—Dorset sheep—Somerset sheep—I’ortlamI 
slieeji—Old Wiltshire sheep—Old Hampshire shecp—^ld 
Uei'kidurc sheep —Ifanfpshire Down sheep — Iny.irovcd' 
llamjishiro sheep—Southdown sheej)--Shropslnre sheep 
-Ryclaiifl sluiep--Loiig-\voollod sheep—Lhicoln sheep— 
Konuicy Marsh sheep—Tceswater sheep—AVarwickshire 
sheep- Bamjiton Nott sheep—Devonshire shoe))—Cots- 
wold sheep —New Oxfoi'fl sheep — Leicester sheep — 

Border Leicester slieep—Statistics of sheep in Great 
Britain. 

CHAPTER VII 

Classification* AND Dbkcrii’tion of Foubion Subbi* . 

• 

European slie^|)—Merino slieep-Stationary merinos—Migra¬ 
tory merinos — Austrian merinos—English merinos — 
Spanish merinos: Statistics—FreiicJi slieep: Statistics - 
Swiss slieep^: Statistics —Italian sheep: Statistics-- 
Gerinan slieeji: Statistics—Holland and Belgian sheep: 
Statistics - - Russian . sheep ami goats: Statistics — 
Danubian I’rinciimlities—Turkey in Europe sheep— 
Montenegro—Albania—Gnick sheeji—Norway, Sw'cden, 
and Deiftuirk slicep—Asiatic sliccp—Tibet slieep—Indian 
sheep and goats: Statisti;;3—Cliinesc sheep—African 
sheep--Cai^ Colony and Natal sheep: Statistics-» 
Australia and New Zealand sheen: Statistics—American 
sheej)-United States shcej): Statistics—Soutli American 
shawp—Aljmca—Angora goat—Mohair: Statistics. 

» 

'chapter VIII 

Shk®p and Wool'Cultdub • . . 176 

Classification of wools—Short wool—Middle wool—Long 
wool—Desiderata in w«ol—Selection of breed—Character 



xiv ' WOOL FIBRE 


i tfviii 

of bi-ccil—Soientilic sliocp cnUure~-M»Qt«naflcc of Iji-ecd 

• ^—Kcgularity in clip -Purusitcs—Slict’}) dipS'-!njmiouH 

aineai'K- Arsenical dips—Tnuo lor dipping*' AVashing of 
sheep — Ih’ejiaralion of \v(t)l for market — 

Farnuiia and home-grown wool—Foreign eonnielition in^ 

* wool—Chaniher of Commerce vecymmendatioiis—Vegetable 
milder in wool -Cause id' mischiif- Uemedics for the 


evy nCare in shearing Hheda -Packyi^and in warehouse. 


CIIAPTKU IX 

Mkciianioai, SmucTiJiiK OF TiiF Wool Fibuk . 2(K) 

DjiVerenec between hair and wool — Strindiire of wool — 
History of structure—Scales o)j wool libre- Coi tieal .struc¬ 
ture—Strengtli of libres—Kelatioii of strength to elasticity 
and diameter of lil)rc- Felting id' wool—Cots- Felted 
cloth—Kemps, 

CnAl‘TEK X 

Ohkmical Co.mposition of Wool . 2117 

A'lhuminoids—Koruy ti.ssuc —Analysis of wool—Keratin - • 
Formuhe for cotton, silk, and wool—Acidity ami alka¬ 
linity of wool—Moisture in wool—Te.stiiig-house allow¬ 
ances—Mechanical composition bf wool--Siiiiit -^omjio- 
siliou of Suint — Cliolesteriu —Stearcrin - Klaircrin- 
liftuolin—Wool-ash—Compo.siti^n of ash- Siiljdiur in 
wool—Colouring matter in won). 


OHAPffEU XI 

Action of IIjsaoents upon 

Influence of tcinperatiU’e—Action of water on*wool—Action • 
of alkalies on wool—Mercerising of wool -Heat of corn- 
hination—ftso of soap in washing — Wool-washing— 
Lanugiuic acid — Carbonising of %ool —Nitric acid — 



XV 


COffT^NTS 

vkv.i 

Hydrochloric Vid—ililovinu-gas -uhlorinated wool-^ 
Bleaching wool—!fy<lrogc>i di- or pci'-oxi<lo—Action of 
acids on wool—vSiiljihuvic acid -Nitric acid-Nitrons acid 
—Chromic ncid- Ofgniiic acids—Action of salts 141011 


CHAPTER XII 

QuAI.ITIES ASD VaRIUTIES (iK Worn, and THEIIt 

DfiSTINCTlONS a!)9 

Variations from lyiw strucl.iiro—Grown at the same time-- 
Grown in ililTcrcnt years—Grown nmlcr diircrcnt cliiiuitic 
coiidilions—Derived from diil'erent breeds of s1icp[)— 
Sorting-Selection of (|iialitics—Hankness -Diameter of 
■ fibres -Analysis of fleecos-Quality anaiysis of Englisli 
wools —Diseased wool —Aiiimai variation - Ciiange of 
cnviroiiinont-t-Variation caused by edimate -Alpaca— 
Mohair—Sonliidown wool—Merino wool- -Cross-br«:d wool 
- Rules for washing wool—Wool drying. 


CHAPTER XIII 

Stuencith and Testing of Woiisted Yarns . Sh? 

Clws.sifieatioii of yarns—Wool duality in relalion to yarn - 
Count-s of yarn—Weight of v.trioiis counts-Testing of 
yarn—Method of testing-'l.ildcs of variation in strength 
and eounts—Single yarns—T""fol(l yarns—Variation in'*’ 
twi.st-'-tJencral results. *j; 

CHAPTER XIV 

Theory op Dyeing And Colour .... 399 

• 

Chemical composition of wool—Cell*contents—Inertness of 
cotton—Molecular constitution—Activity of wool—Cause 
of colour—Composition colour—Analysis of colour— 



XVI 


WOOL FIBRE 

‘ / 

Tlicory of Dyeing-Chemical Thcovy^PhyMco-chemieal 
‘theory—Mechanical theory—Clicvrcul’a theories—Classi¬ 
fication of dyes—Natural dyes-Artificial dyes -Substan¬ 
tive dyesfwAdjoctive dyes—Classilicatfon of dyes ba8e<l 
on their action—Relutiorf of dyeing inatoriaHi-Process of| 
dyeing—Law of distribution—Receptivity of Wool— 
Penetration of dyes — Cotton dyeing — Wool dyeing— 
Afsdhic in wool—Temperature in,dyeing—Temperature 
and ablorption — DistribiAion of dyes—Pure water— 
Indigo dye — ^ordivnt dyeing — Chroming — Reducing 
action of wool—Logwood dyeing—Kinishing—Cleanliness 
—Conclusion. 


CHAPTKIi XV 

Method of Analysis * and Detection of Various 

VlBllES.451 

Method of ti.'itiiig — Mcclianical — Clieniical - - Microscopical 
analysis—Cotton — l'la\ — Ileinji — Jute — Wool — Hair 
—Silk—Liistra-Celluluse—Table of chemical colflur tests 
—Igneous tests. • 


Glossary . 


459 


Index 


401) 



ILLUSTRATIONS 


rtt3. 

Old and Now Movino Shoe)) and Kwe (Coloured) 

PACE 

FronH.tjtkcc 

1 . 

Cotton Fil)rcs. 

23 

■2. 

Cotton Fibre (Longitudinal Section). 

24 

X 

Flax Fibres. 

29 

4. 

Silk Fibres. 

36 

5. 

Skill (Vortical Section). 

43 

♦5. 

,, ,, ,, sliowiiig A|tp(!ntlagcs 

46 

7. 

Human Hair (Longitudinal Section) 

.53 

8 . 

,, ('IVinsverse Section) 

.54 

9. 

,, (Constituent P.irts) 

56 

10 . 

,, (Treated with Caustic Soda) 

58 

n. 

Hair Follicle (Vertical Section) 

62 

12 . 

,, (Transverse Section) . 

64 

18. 

,, showing (leiK^sis and l)cVfdo|Uuent 

68 

14. 

Wool Filire.s (Felting). 

. . 75 

15. 

Wool Fibre (Typical). 

. 76 

16. 

Various Animal Hairs. 

81 

fcl7. Anialic Sliccn’s Hair (Surface and Scctidii) 

86 

18? 

,, ,, ,, (Coar.se) .... 

. , ,'87 

19. 

.Tora )j ..... 

88 

20. Pttcpathian Shccit’s Hair. 

89 

21 . 

„ and Afghan Sheep’s Hair 

Linemn Wool Kemp. 

90 

22 . 

93 

23. 

Higliland Wool Flat Kemp .... 

96 

24. Wool Fibr(y', LoiccBter Botany .... 

97 

26. 

,, Auslialwn Merino 

98 

26. 

« ,, • OxforcT Down showing Atrophy . 

, 100 

27. 

„ ,, ,, IIypertro|(hy 

. 101 

28. 

„ Merino Ewo. 

102 

29. 

„ Lincoln Ewe w .... 

103 


XVll 











xviii' WOOL FIBRE 


/l'». 



«*AOI4 

80. 

Black-faced Mountain Ram . . . 


117 

3^ 

Welsh Mountain Ram . ' . 


118 

32. 

,Lonk Rjim. 


120 

33. 

Dartmoor^Long-woollcd Ram. 


121 

34. 

Cheviot Ram . . c . • % • 


123 

36. 

Hdrdwick Ram. 


125 

36. 

Hi*.nj)shire Down Ram. 


129 

37. 

Souflidown Rum. 


131 

38. 

Sfiropskiro^Ram , . ^ . 


133 

39. 

Lincoln Ram. 


135 

40. 

Kent or Rcmmt^ Marsh Runi. 


137 

41. 

Cotswold Ram. 


139 

42. 

Leicester RaSn. 


141 

43. 

Border Leicester Ram. 


142 

44. 

Persian Fat-tailed Slioen. 


162 

45. Alpaca Goat. 


173 

46. Angora Goat . . *. 


174 

47. 

IVool Fibre (Transverse Section) , . , . 


205 

48. 

Fibre Testing Machine . . . 


213 

49. 

Wool Fibres (Iveinpy). 


235 

50. 

Fhsecc orijeieester Wool showing Qualities 


305 

61. 

Wool Fibres, Fine Lincoln . . . .« 


310 

52. 

. ,, ,, (More Enlarged) 


311 

.53. 

,, Coarse. 


311 

64. 

,, ,, (More Enlarged) . * . 


312 

65. 

,, Cotswold showing Medulla . 


313 

56. 

,, Diseased. 


326 

67. 

Alpaca Fibres ..... 


333 

58. 

Wtx>l Fibres, Pacpathiuii . ^ . . . . 


335 

59. 

,, Chinese .... *■ 


337 

60. 

„ Indian Cashmere*. 



61. 

Mohair Fibres . • * ■ 


338 

62. 

Wool Fibres, Leicesier | . . . . . * 


339 

63. 

„ Itoscommon. 


339 

64. 

,, Half-bred Moljaiv .... 


341 

65. 

,, Southdown ... 


343 

66. 

,, 

! 

843 

07. 

,, Oxford Down* • • • 


344 

68. 

,, Cheviot . . ... 


345 

69. 

* «, American Merino. 


345 

70. 

,, V „ ... . . 


346 

71. 

,, French .. 


347 











ILLUSTRATIONS 


'XIX 


PIO. ' I'AOK ^ 

72. Wool Fibres, MCTiiio, (icrmau Saxony .... ;J47 

73. ,, „ Austruliau.341^ 

74. ,, ,, Cross-bred witli Leicester . . 349 

76. ,, „ ,, Liiiooln . . 350 

76. ,, Dyed Azo-rod (Coloured) . . . Faciwj 

77. „ Dyed Azo yellow (Coloured) . . ,, 436 

78. ,, Dyed with Synthetic Indigo . . • 440 





Lis^r s:)!'' uooKH c()Nsiii;ri‘:i) r.v the 

AUTFIOU 


Calico Piintiiig, Ulcucliiug, ami IWcing. C. 0 Neil. 

Clicnjiatiy ami I’liysics of Dyeing. W. P. l)tvaj>er. Climchill, 
l.omlou, 1900. 

Clieniislry ami Praetice ff*" Fiiii^liing. Poiey llcan. Kiikliaiii nml 
Pratt, Manchester, 1905. 

Cliemiatry. Tlioni-son ami Bloxani. Churchill, T,omlou, 1903. 

Chemistry, Organic. Perkin ami Kipping. Cliaiiiher.s, Kilinburgh, 
1907. ’ 

(’otton Fihvo, vStrneturo of. F. II. Bowman. Ma rnillan ami Co., 

■ littl., Lomlon, 1908. 

Dyoillg, Mumiul of. Klieolit, Howson, ami Loewelitliall. rainier 
and Howe, Manchester, 1893. c 

Dyeilig-otToxtilc Fibres. J. .1. nuiniilel. Ca.ssell, Lolliloii, 1S85. 

•Tournal oftho Soeicty of Ciietnioal Imiustry. 

Journal of the Society of Dyers and Colourists. 

Tcehnology ofTextilc Fibres. (Icorgicvies. Scott, Undoii, 1902. 

Testing House, Laboratory Notes J. 11. Lester, Hlackloclt, Mou- 
ajiliestcr, 1903. 

Textile Fibre.,. J. M. Mattltcws.' Chaiuiiau ami Hall, Lmiilon, 19.07- 

Thorpes Dictionary of Applied Clie.ni.stry. Longmans, Ixmdon, 1906, 

Vaiious Current Technical Journals. 

Wool Fibre. Structure of. F. 11. liorviuan. rainier and Howe, Man- 
Chester, 18B5. 



CHAPTER ] 


INTRODTICTTON 

Tiik advantage of Technica*! Education is now universally 
recognised, and n^l our towns and cities are equipping 
themselves with large technical schools^ind colleges, where 
a sU'ff of higldy trained teachers arc expounding the 
principles of sci(yitific knowledge, upon which in the future 
all our manufacturing and other industries must be based 
if this country is to hold its own in tiic race for commercial 
supremacy. The rapid strides which are being made by 
our competitors on the Continent of Europe, and in the 
United States of America, an^ the readiness with which 
they are calling into requisition all the resources which 
modern scientific investigation *and research have placed 
at their di|t) 03 al, is an additional reason why every effort 
should bo put forth to enable the young men of this 
country to enjoy equal advantage’s. 

Therq is no doubt but that during the middle of the 
last century •the unparalleled •advantage enjoyed by 
Germany, in the jt^ssession of a complete system /)f 
graduated education, and the foundation of large and 
well-equipped poly technical institutions, with research 
labomtories both for physical and chemical instruction, 
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laid the fouTidation of the surprising development of the^ 
tpde and commerce of that country, and which especially 
has enabled (termany to take a leading position in the 
steel and chemical industries, and all those M'hicfi depend 
for ^ their success upon a knowledge of exact science. 
F^rtJdnately, these advantages, are now to be obtained in 
this counliry also, and, although somewhat late in the field, 
we are now possessed of similai- institutions which are 
second to none, and which, if full advantage is taken of 
them, will enable our countrymen, wh9 are not behind 
other nations cither in intellectual attainments, energy, 
determination, or inventive faculties, to keep abreast of the 
times, and carry into our workshops and manufactories the 
knowledge and skill which will not only enable us to 
maintain our position but to take the lead in every 
industry for which wc arc fitted, whether, it be in articles 
of utility or taste. 

Another element must also now be taken into considera¬ 
tion, viz. the awakening of the Eastern nations, led by 
the Japanese, who, fully aware of the advantages which 
knowledge has given to the Western nations whether in 
the arts of war or peace, have presented a wonderful 
renaissance, and within the space of two generations have 
sprung from a comparatively humble position to one-of 
deserved recognition,, and taken their place' amongst the 
comity of nations. Their skill in art and metallurgy, 
especially in bronze casting and handicraft manipulation, 
such as the production of glazes, and the use of enamels 
in ornamental work and pottery, have* always been 
remarkable, and they are now actively entering into 
competition with the Western world in almost every 
branch of commerce, s\ich as cotton spinning, weaving, 
and various branches of enginWing, and will contest with 
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.us ifi all the markets of the-Rist. The same may also be, 
said of the industrial activity which is now beginning to 
stir the latent energies of China, .and which,* with its 
enormofls, docile,•and industiious population, will before 
very long certainly enter the competition for her ^own 
market, with all tlie advantages of our most wc^it 
improvements in machinery, and with the cheafiest labour 
in the world. Fortunately for us, our rivals, at any rate 
in Europe, so far as textile manufactures are concerned, 
have to work with the same raw materials as ourselves, 
and our insular position which gives us a seaboard on 
every side, and the fact that we are, thanks to our Free 
Trade policy, the great oceln carriers of the world, makes 
our country the gjeat central emporium through which the 
raw materials for the world’s use must pass, and gives 
us facilities for comparison and selectioTi which are enjoyed 
by no otlier nation. In addition to this, “ the island gem 
set in the silver sea,” enswatlied by the ocean waters, gives 
us a climate mor^ equitable than the continental nations, 
and fosters the energy which might otherwise be enervated 
and paralysed by wider ranges of temperature. The fact 
that this country is the grea\ ^market of the world’s raw 
material enabted such men as the late Sir Titus Salt and 
Lo*l Masham, both of Bra^ffprd (Yorkshire), to secure 
supplies o^alpaca wool and silk waste, which could notT>o 
used by others, and upon which they founded large and 
flourishilfg industries; and it not improbable that in 
the future analogous opportunities may he afforded which 
the higher ttchnical knowledgi and skill that is now 
available may bo abk to turn to good account. , 

In ' considering the general principles uyon which 
successful industrial progress must be made, it is easy to 
see that we must, as a lirst instance, make ourselves 
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.thoroughly masters of the great principles and laws that 
underlie all processes and reactions, whether mechanical or 
chemical,*'which the raw material must undergo in its 
transformation into the finished article. «• • 

I'liless this is done \ve can never expect to attain the 
be|t vesults, because w^e shall, be sure to treat the raw 
material e'liher too litth or too much, or subject it to 
jirocesses which arc either unnecessary or unfit for obtain¬ 
ing the object which we have in view. 

To gain tliis end it is (juite essential that, at the very 
outset of all our textile manufactures, we must have a clear 
and distinct knowledge of the true nature of the raw 
material upon which we have tiVwork. No comprehension 
of general principles can obviate the pecessity for this 
knowledge, because this alone can enable us to select the 
raw material that will best serve the purpose which we 
have in view, and then enable ns to select our various 
transforming processes, so as to suit the raw material, by 
bringing into play all its peculiar properfics without injuiy 
or detriment to its structure. 

Attention to this will always enable ns also to use the 
least expensive raw material for the purpose, because, if 
the material is not treated exactly as it sluhild be in our 
mechanical and chemical operations, we shall be obliged to 
use a better raw material than we otherwise slio^dd, and so 
give an advantage to competitors who have a better know¬ 
ledge than ourselves. U'tic author has known df several 
instances whore, in consequence of a want of chemical 
knowledge, the colour of a textile fibre was deteriorated in 
one process, and to overcome this aisnuch better grade of 
raw material had to be employed, which, in consequence of 
its not containing a certain constituent, did not darken ; 
while another man, who possessed the necessary knowledge 



INTRODUCTION 


5 


to prevent the filfl'c froih darkening, could use the lower 
grade which otherwise possessed all the qualificatiom 
required. 

The#ncglect oj these precautions, which have in most 
insUinces resulted from a want of knowledge, lias in tlie 
past been a source of great annoyance and loss the 
trade, ami numerous cases have arisen in the woj’sfed trade • 
where the lustre of the wool has been destroyed by the 
chemical means used to cleanse it, or the staple broken and 
rendered less in strength and uniformity by the use of 
imperfect machinery, or imperfect setting of the machinery 
througii wliich it was passed. Nor is this all, for it 
frequently liappens that the raw material may be spoilt at 
the very outset and rendered loss fit for inanirfactiirc, as in 
the case of saw-ginning in the cotton, or the neglect of the 
farmer in the care of his flock, or tht injudicious use of 
detrimental she^p-di}).s and the use of tar or other smearing 
material, even *bcfore it comes into the hands of the 
manufacturer. Kwen the wrapping u]) of the Heecc when 
in a damp condition may lead to tendering of the wool; or 
folding it up in such a manner that the best parts of the 
wool come in contact with' tiliose where natural .staining 
has occurred i«ay render it unsuitable for certain pirposcs 
an<^ less valuable to the mafiufacturer. Then, when it 
comes into his hands it frcquenlly liajipens that the meafls 
employed in some of the earlier stages of the manufacture 
are absolutely detrimental to those which follow after, and 
which render it quite impossible to attain the results 
desired,‘at any rate in the best possible manner. It is 
well known, for exqjilple, that the spinner and weaver, 
who are usually quite distinct from the dyer and finisher, 
very seldom know or consider the processes to tvhich the 
yarn or cloth will be subjected during the dyeing or 
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finishing process, and hence .it /requently happens, as a 
result of this want of co-ordination, that the latter have' 
to' remov/? defects which might be avoided by care and 
forethought in the earlier stages of manufacture. • 

On this point the author need only instance such a case 
as tiv? result of the influence of temperature on the wool 
fibre, which we shall a^.crwards see is a very important 
matter in determining both the after-strength and lustre of 
the wool as well as the powei' which the fibre possesses to 
receive the dye. In bygone days the thermometer was 
seldom called into requisition, in the washing process, to 
determine the heat of the water. Usually it was con¬ 
sidered quite sutficient to guossTthc heat by immersion of 
the hand oi the haphazard turning in of the steam, a 
process which, between two diflerent conditions of the body 
or two diflerent individuals, will not be the siime within a 
very much wider range than any person would believe 
possible without trying the experiment. 

Take another ease, viz. the use of oil, after the 
washing of the wool has taken place, in the process of 
combing, carding, or spinning, wliere the yarn is after¬ 
wards to be used for the production of fabiics which have 
to be dyed into light and delicate shades, and retjuiring an 
even distribution over the Whole surface, as well as where 
the wool is required to retain its soft and pliable condition. 
Ono of the secrets of the great .success of the French dyers 
in certain classes of dress goals arises from thev'^act that, 
after the wool has been carefully wiishcd with the right 
kind of feeding soap, it is afterwards wojfked dry and 
without the use of any artificial qiling, and thus the 
natural condition of the fibre is retained, and the surface 
of the fibre and its constituent cells are better fitted both 
for the preparatory cleansing and after-dyeing process. 
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For the most tperfSc* manufactui-e there must be an ^ 
intelligent understanding of every process, and the co-» 
ordination of each to the after-treatment of the fibre, ^o 
that ev|ry step will be a step in the right direction, and 
each process, wTiether mechanical or chemical, while 
perfectly performing its appointed function, not in* any 
way interfering with any which follow it. 

It may seem at first sight as if^his was a comparatively 
easy thing to accomplish, and one which a very little 
practice would enable us to settle in such a ^vay that very 
few mistakes would he made. Experience, however, teaches 
us otherwise, and it would not be difficult to inshmee very 
many cases where up to^a recent pcrioil, and indeed in 
some cases even now, in our proce.ss of ra<ymfacture we 
have to undo oJ at any rate put riglit in a subsequent 
process what has been put wrong in^i former one. For 
example, it is»often found in tlic spinning of yarn that 
with the dcsirt? to produce solid bobbins, in the preparing 
machinery, an excessive twist is put into the roving.s, whicli 
in the spinning prevents tlie drawing out of the fibres, and 
thus causes serious Ijrcakuge in tlie raw material and 
irregularity and roughness jn the yarn which can never 
afterwards removed. This excessive twist is often 
rendered necessary because ftf an impro])ei’ adaptation of 
the size and weight of the prqKU'ing bobbin to the (jna]jty 
and comfts of the yarn to be wound on to it, or the 
endeavour to spin on the machinery counts for whicli it 
was not adapted. .As another instance in a different 
department, the author had placed in his hands a sample 
of wool that originally had' a high lustre, but which 
was iflmost entireljf removeil from the yarn during* the 
process of manufacture and before it was ^nished, in 
consequence of the improper treatment in the washing of 
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the wool, and several ingenious*<?evietw were called into 
■ requisition to endeavour to restore the lustre, without any* 
satisfactory result. 

The same wool in the hamls of another manufacturer, 
only a short distance away, presented a very difierent 
appearance, and came up in the yarn luight an<l shining; 
but eve\\ in this case there is- no doubt that by the use 
of a different liquor in washing, and a proper regulation 
of the temperature, a still better result might have been 
attained. , 

Perfection in manufacture is indeed only possible when 
the best possible results arc attained in each stage of the 
progress, and to do this each^ process must be worked 
out with th^ most careful detail in every part, and with 
constant and consistent reference to thd end desired, and 
throughout the w'hqle there must he constant vigilance to 
see that the best possible is always being achieved. 

As a first principle it may be laid down that the raw 
material must be suited for the pinpose,to which it is to 
be employed; and frequently it happens that through want 
of knowledge in this respect serious blunders are made, 
and materials used arc not^ those best adapted to the 
purpose. Thus much of the failures in thc^pse of such a 
fibre as that furnished by hhe raini(3 or China grass has 
resulted because it has been employed for purposes for 
which it was entirely unfitted as a result of its fiiechanical 
structure, although as regards its high lustre it might have 
been otherwise used, the fibres lacking the necessary 
elasticity and accommodation to flexure as compared with 
cotton or silk. 

The investigation of the principles of structural 
economy, that is, of the fact that the same weight of 
material may be made to stand ^varying degrees of stress 
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depending upon* the method in which the material is* 
disposed in the structure, and thus withstand a greater 
strain when arranged in one way than in aupther, has 
enable^i the engiijccr to arrange his chief building materials, 
cast-iron and steel, in such a way that the members, say in 
the construction of a lattice girder, shall be dispose<|"in it 
so that the cast-iron shall always be in comprftision and, 
the steel in extension, and thus their respective advantages 
used in the best and most efficient manner. By this means 
the same strength can l)e obtained, and the weight much 
reduced. For exiimple, the celebrated Britannia Tubular 
Bridge over the Menai Straits between thi; Welsh coast 
and the Island of Angle^ea, and wliich was the crowning 
work of Robert Stephenson, <oukl to-day, hy the applica¬ 
tion of the abo*ve principles, be made a much lighter 
structure, and yet c<pudly solid and 

The microscopical examination of tlie j)nncipal fibres 
used iu the textile trades has conclusively shown that 
these fibres are marvellous mechanical structures in which 
the material composing them is arranged in an almost 
endless variety of methods, and that this structure ought 
to be taken into account wl>en selection is being made of 
them for anyiparticular fabric. So also it reveals a con- 
clrteive reason why the methods and machinery employed 
in transforming them must differ in each case so that 
structural* peculiarities shall be used in the best manner, 
and therefore the best value. obtained iu every case. 
This work is intended to deal with this department of 
technology, especially ])oth in its mechanical and chemical 
aspects. ^ * 

The wide range which such an iiupiiry must necessarily 
take will prevent the consideration of the specific methods 
of manufacture, except in *08 far j'« 
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'by the nature of the raw material beifig used and the 
reciprocal action of the machines upon the raw material 
In'the same way the inquiry into the origin and develop¬ 
ment of the wool and other allied fibres yill be guieled by 
the endeavour to subserve the knowledge so obtained to 
the (fgnsideratipns of methods and processes, which may 

♦ tend to fii>i)rove the ra^ material so as to better fit the 
wool for the purposes of the manufacturer, such as the 
improvements in the breed of sheep, and the methods of 
scientific agficiilture in relation to their feeding and 
maintenance in health and condition, all of which react 
upon the nature and structure of the wool. 

Before pursuing these inqviries it is necessary to 
consider shoifdy the nature and structural-peculiarities of 
the different classes of raw material wtiich are used in 
textile manufacture,"as these are often used in combination. 
To do this successfully necessitates a knoti'ledge of their 
difterences as well as their structural agreements, so as to 
enable the manufacturer to select thosi which arc most 
suitable for combination along with wool, and treat the 
raw material when combined .so as to bring out the best 
qualities of each. 

This is specially neces.sary when the nii»ed fabric has 
to undergo any chemical treatment, because the chemkcal 
peculiarities and affinities of the different classes of rav^ 
material are essentially diverse. ^ ' 



CHAPTEb II 

C1-AS.S1FICATI0X OF FIBKFS 

The raw niatermls wbicli arc used in the manufacture of 
textile fabrics are derivei^, from a great variety of sources, 
and our complicated civilisation now demand? a continually 
widening range of new fibres, so as to satisfy those 
requirements. } 

Every source of supply from the animal, vegetable, and 
mineral kingdoms are now being drawn upon, and the 
resources of the»chemist and mechanician are being called 
into operation to supplement even this abundant vai'iety by 
the production of artificial fibres possessing new properties 
and advantages. This is necessitated by the fact that in 
the clothing J>f our bodies, the furniture of our houses, and 
tlfe various articles for decoration and utility, which are 
now deemed indispensable in dll civilised countries, these is 
an increasingly wide demand; while the quickening impulse 
of com^^etition in business necessitates the employment of 
new forms and combinations as well as, if possible, the 
discovery of new materials w’hich can be utilised in the 
manufacture of textile novelties. 

Notwithstanding any of these new materials, by faf the 
largest supply comes from sources with ^\1lich manu¬ 
facturers have been familiar from the remote past in the 
. n 
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* countries from which they are respectively derived, and the 
'facilities that are now given by means of improved * 
transport*have greatly widened the area which can be 
relied upon for supply. Cotton is now timing in •ncreas- 
ing quantities from parts of the world such us Africa, 
Austl^alia, and the Australasian Islands, and from all parts 

»of*the Ifruish Empire ■yithin*the Cotton belt, which, if 
the supply continues, will probably render this country 
independent of the United States. And wool is now being 
derived from‘sourccs which a few years ago did not supply 
a fleece, and in increasing quantities from the Argentine 
and other South American States, where the vast well- 
w'atered plains form an ideal feo*3ing-g)‘ound an<l the sheep 
flourishes amiklst a congenial environment. 

As a rule, therefore, the largest supply of textile 
materials are those‘which have been already in use, such 
as cotton, flax, hemp, jute, and China frass or ramie, 
all of which arc of vegetable origin ; wool, goat, camel, 
and other hair derived from almost alli the hair-bearing 
animals;, and cultivated and wild silk derived from the 
cocoon of various species of the Bombyckhe, which excels 
all other fibres in fineness, flexibility, and lustre, and may 
be regarded as the most valuable and ]>e*iutifnl of all 
textile fibres. 

'■These various fibres difter very widely in their nature. 
They all possess very difieront mechanical ancf chemical 
structure, which necessitates entirely diflerent treaWnent in 

* each case, not only in the method of preparation ami in 
the machinery used in the manufacturing prqpess, l?ut also 
in the chemical treatment necessary jbo obtjiin the best 
results in the dyeing and finishing processes. 

There are many ways in whicli a systematic classification 
of these various raw materials might be attempted, founded 
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uj)Oii their mechaniciil structure, but perhaps the simplest 
is that based upon their source of origin, although thoit 
other differences, such as their chemical constitution, mifst 
be tomJiied upon^ Classilied in this manner, the list will 
stand as follows in regard to the vegetaldc and animal 
fibres principally in use- 

I. Vegetable Fibres. 

1 . Cotton [I'miiiIviii). 

2. Flax {Jaiiiiiii uFiUdmmiii). 

3. Hemp, including Manilla {I'anvdhi:^ .wlira). 

4. Jute {(\>rrhorn^). 

5. Ramie or rhea fibre l,llirhiiii'rM (i‘.iittrisstiitd). 

6. China grass niri'it). 

7. Miscellaneous bast and other fil)ros. 

II. Animal Fibres. ' 

• 

(«) Jj.ipniiltuicii Ilf dll' Still. 

1 . Wool (sheep, Orh iirii's). 

2. iMoliair (goat, Ciqiriihr anijura). 

.3. Alpaca {.-tiirhi'iiia jnu-o). 

4. Vicugna {Aiirhi'nia riniinni). 
fi. Coarse wools (wild goats, etc.). 

6, Coarse camel and .other hair. 

(/() Sei'fclioiiK. * 

1 # Cultivated silk {Jlomhiix iiun-i). 

2. Wild silk (Tnssab silk). 

# 

III. Artificial Fibres. 

1 . AtificUl silk or Instra-cellulose. 

2. CelhiloiJ fibreg. 

3. Animaliscd cotton and other fibres. 

It is not necessary to deal with any of tlie mineral 
fibres, such as asbestos, or with metallic or artificial fibres, us 
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Iheir use with the above fibres, except in the case of 
artificial silk (lustra-cellulose), is very limited. 

'’There* is a great difference in mechanical structure 
between all vegetable and animal fibres, both in regard to 
their ultimate constituents, which arc always cellular, and 
their', chemical composition. The vegetable cell, which 
forms tfic* mechanical ,basis of all vegetable fibres, is 
always much l^trgor than the ultimate cells of the animal 
fibre, and it is nearly always more irregular in form and 
polygonal in shape rather than rounded, as is the case in 
most animal cells. The great distinction, however, is in the 
.nature of the material of which they arc composed. The 
basis of all mature vegetable tells is a substance called 
Cellulose, of 'khich tliere are many varieties, so that the 
term must be taken to represent a group of closely allied 
bodies rather than” a single substance. They are all, 
however, comparatively stable compounds, 'insoluble in all 
simple reagents, at ordinary temperatures, and arc non- 
nitrogenous and belonging to the chemical group known 
as carl)ohydratcs, all of which are formed by the union of 
carbon, hydrogen, and oxygen. 

The empirical composition of pure cotton cellulose may 
be represented by the following relative cora'^ionents;— 


Carbon . . . . 44 2 per cent 

Hydrc^en ..... ({-S 

Oyygen.49-5 


100-0 

This corresponds, when perfectly pure and .free from ash, 
with the statistical formula though it is generally 

re^rded, on account of its reaction, of a higher degree 
of complexity as multiples of this unit, and as being 
represented by the formula 
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^ As distinguished from this the basis of all animal fibres ’ 
is Gelatm or some albuminoid body allied to it, and froifa 
which it is probably derived by the elimination of the 
sulphuf in the f'-rmative process. There is no trace of 
cellulose in the structure of any organs in the animal 
kingdom. While the albuminoid molecule contains Tsome 
of the same substances in its composition as the cellulose ' 
molecules, but in different proportions, it also contains two 
others, nitrogen and sulphur, so that the structure of the 
ultimate molecule or unit of the animal cell is much 
more complicated, and it tvill be necessary to look more 
particularly at this when we deal with the chemistry of 
the wmol fibre. ^ 

The albuminoyls or proteids arc, however,■''found in the 
unchanged contents of vegetable cells, and especially in the 
seeds. It is in fact from these vegetable proteids that 
those contained) in animals are formed, since, unlike the 
plant, the animal is incaj)ablc of building \ip more complex 
substances from "the simpler food materials except in a 
very limited agree. They are received in the food hy the 
animal, and assimilated apparently almost unchanged. The 
living portion of the conten*ts of the cell, from which the 
material of ttie cell walls is built up, both in the plant and 
animal, is a substance called yrotoplasiu-, of which the com¬ 
position has not yet been determined. The cmpincal 
formula for the typical albuminoid, calculated from the 
composition of egg-albumin, and from that of some other 
members of the allied group of proteids, comes out to 


something like:— 


Carbon 

. 50 to 55 

Hydrogen . 

6-7 „ 7-3 

Oxygen 

. 21 „ 25 

Nitrogen . 

. 15 „ 18 

Sulphur V 

. .0-4 „ 1'7 
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The formula for a typical albuminoid calculated from 
the mean of these figures may therefore be represented by 
thb following Oi 3 ill 2 ioN 3 £, 044 S. This calculated formula, 
however, cannot be regarded as anything mot^ than 
approximate, as a very slight difierence in the analytical 
results would make a considerable difference in the 
formula, but it affords a« idea of the great complexity of 
the proteids. ^ 

Concerning the atomic arrangement of tliese compounds 
very little is known. They are usually hevo-rotary 
optically. Physiologists generally distitjguish between 
albuminoids and proteids. I'he two differ mainly in the 
fact that the proteids are easily coagulated by heat as in 
the case of egg-albumin, wliilo tlie albumipoids are typified 
by Gelatine.^ 

Protoplasm must, it seems, be legardcd not as a definite 
an<l stable compound but a mixture of various closely 
allied bodies possessing a high molecular weight, which in 
the living organism are undergoing constant l•earrangemet^t 
amidst the multiplex activities that are always manifest 
in the metabolic changes within the vegetable and animal 
cells. 

When the change undergone in the grbwing animal 
cell is complete, and the formed material derived from the 
protoplasm lias become organised in the texture of the 
animal structure which forms tlie substance of the animal 
fibres, this gelatine or its congeners forms the largest part 
of their substance, whether the fibre be derived from the 
secretion of a worm, such as silk, or the hair<of a goat, or 
the wool fibre from a sheep. « i- 

frelatinc and its congeners Jiave a higher specific gravity 
than cellulose, and hence when thoroughly wetted, so as 
' Bloxam’s Chendfitry, p. 748 ; J. A. Chiirctiill, Loudon, 1903. 
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Jo exclude air which gives buoyancy to the fibre, animal 
substances sink in water while vegeUblc fibres Ho<at on 
the surface. As a general rule, also, since the liltimate 
vegetable cells ar# larger than the animal cells, there are 
a larger number of the animal cells in the same weight, 
and they arc closer knit together, and are tkerSfor^p 
stronger than vegetable fibres. 

The cells in both cases, however, are tc*) small to bo 
observed with the naked eye, and hence, when it is 
necessary to examine the ultimate me^lianical structure of 
either vegetable or animal fibres, it i.s necessiiry to use the 
microscope. 

Microscopical Examination.—In making the re¬ 
searches embodic(Uin this volume the same mioro.scope was 
used which was employed by the author m the examination 
of the structure of the cotton fibre, and in the work on this 
subject, which foj'ins part of the same scries,^ a full descrip¬ 
tion of this instrument i.s given, ami the reader must be 
referred to this for*full details. SuHicient to say that the 
microscope was one of the best which it was jwssible to 
procure, and it was fitted witli every accessory which 
could render any assistance in* making the most thorough 
examination. 

The range of amplification )vas also a.s great as waj 
possible to be used with any advantage, and was accom¬ 
plished by means of a complete battery of eye-pieccs and 
objectives, both dry and immersion, and which, combined, 
gave a jange of from the natural size up to 10,000 
diameters. 

The means of illumination also w'cre of the most perfect 
kind, so that the object could be viewed under *the most 

* fki Slnu^iim of the, Vvth>i Fibre, by F. If. Bowman, .Vlaciiiillaii k 
Co., Ltd,. Tiondon, 1908. 
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diverse conditions, and thus enable its structure to be fully 
determined both by retlected and transmitted light. It 
may be said, however, that, except when it was necessary to 
examine the genesis of the fibres, the whole of the details 
of the structure of the filires, so far as this is necessary for 
t,ftchnic;d applications, can be accomplished by any ordinary 
reliable rfiieroscojie which has an amplification up to 1000 
diameters. The measurements were taken with a specially 
constructed micrometer capable of the very greatest 
accuracy, and although in many cases these differences 
vary only by quantities which arc represented by many 
thousand parts of a linear inch, they arc neverthclo-ss quite 
essential to bo known if we are to obtain the best results 
from the material. <. 

Method of Preparation.—In order to arrive at the 
nature of the meclianicjil structure of the various fibres and 
their organic texture iu the various parts,, it was necessary 
to prej)are the specimens so that they could bo examined 
under the most favourable circumstances. For external 
examination the fibres were simply cleansed, from any 
mechanically adhering impurities, by washing Avith water 
or weak alkali, or other solvents, so as to get a perfectly 
clean surface, and then mounted in the usual way on glass 
slides, either dry or with Canada balsam, with covering 
glasses so that each specimen could be referwd to again 
if necessary. Slides were also prepared, showing horizontal, 
vertical, and other sections, and to bring out the minute 
structure of the various parts reagents wore employed so 
as to differentiate the ultimate structure of'the constituent 
c^^lls, Selected specimens were also treated withestaining 
materials, such as carmine, picro-carmino, haematbxylin, 
eosin, and various aniline dyes. In cutting the sections 
of the wool fibres, as indeed of all isolated fibres, it is an 
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absolutely impossible task, on account of the delicate* 
nature of the structure, to cut a thin section unless the 
fibres are enclosed in some supporting material* and of 
many thUt are in use the author was most successful 
with paraffin wax, as when consolidated it was neither too 
hard nor too elastic, which js the case with glue* or* an 
gelatine preparation. Under the «nost favonrabfc circum¬ 
stances it was found almost impossible t<^ get any one 
section which clearly exhibited all the parts with equal 
distinctness, Imt a number were obtained which gave with 
suflficient distinctness the structure of every part, so tlmt an 
accurate knowledge of the whole was attained and com¬ 
parison made with the work*of other observers. 

In order to uiiderstand, fur technical purposes, the 
difiercncc between the structure of wool^ an<l other animal 
and vegetable fibres, it is necessary to look at the stnicture 
of several typc§ of fibre, and the chief amongst those 
derived from the vegetable world is cotton. 

Cotton is a unVelluIar seed hair derived from various 
species of the genus Oossypium, belonging to the natural 
order of Mallows or Malvacea*, which is a subtropical 
plant, and nourishes in suitabfe localities in a belt which 
encircles the earth within ahoyt 45'’ nortli ami 35" south 
of 3ie equator. This comprise.s^ the large.st portion of th^ 
earth’s surfucc, but the growth for commercial purposes is 
at present confined largely to tlie south part of the United 
States t>f'America, Brazil, Egypt, India, China, and to a 
smaller ^xtent in Australia and the Australasian islands, 
although eflbrts are now being made with success to extend 
its cultivation in South Africa and other parts of tbe 
British Empire. 

The primary function of the cotton fibre or lint in the 
economy d the plant is to act as'a protective covering to 
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seed, in its earlier stages, and afterwards as a parachute,^ 
so as to assist in the distribution of the seed over a wide 
area, and thus secure a suitable lodgment in which it may 
germinate under the best conditions. 

Ill its early stages of development the young growing 
fijirc*^ is *.01101030(1 in a pod oy capsule which (contains a 
numlier o'f seed.s, and they are thus protected from injury 
until when fully ripe tlie pod opens, and the fibres (piickly 
reach matui ity under the iiiHuencc of the sun and air. 

The organic structure of the fibre is of the simplest 
character. It consists of a single*, elongated cell which is 
attached to the surface of the seed, and until exposed to 
the sun and air is round in section and filled with active 
protoplasm. This, as the ripening proceeds, deposits 
successive layers of cellulose, which is a carlwhydrute 
having the compositiim /(C,l[|^(b), on tlio inner wall of 
tlio primary pellicle or sheath which forms, the outer layer 
and containing vessel of the fibre. I’he continuous nature 
of the seed hair, which is not like many vegetable fibres 
produced by the fusion of .a number of sejiarate cells, but 
by one continuous elongated growth of one primary cell, 
forms one of the reasons wHy the cotton fibres are of sucli 
value as textile raw matfrial. It is flexible in every 
jjirection, and has no cell-divisions, wliicli, although they 
might have been absorbed, would still have ftjft a weak 
place at eveiy junction, or formed a strengthening ring, 
which would, as in flax and other bast fibres, have coiiferred 
greater rigidity, and thus interfered with its perfec,t flexure. 

When the pod ojiens the protoplasm immlbdiately begins 
to-change in composition, and forms the deposits® on the 
inner ceil.wall with various degrees of thickness of cellulose, 
which thicken and strengthen the fibre in proportioii to 
the degree of deposit. Other products are formed at the 
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same time as the cellulose, ami consist of various astringent;? * 
sweet, and oleaginous bodies, the former of which arc 
probably the result of the formative process of ticllulose, 
and thelattcr giv^ a coating of wax and other preservative 
materials to tiie outer pellicle, which prevent the inter¬ 
penetration of moisture and jeal the ccll-contoits oiret*pt ^o 
the permeation of air. 

As the process of ripening proceeds the •leposit of the 
cellulose gradually diminishes the original volume of the 
cellulose, and a central cavity or lumen appears in the 
centre of the libre. This cavity is seldom entirely tilled 
up by the formeil deposits, ^and hence the celi-wjtlls shrink 
unevenly, and the section of the fibre then ^)resents an 
oval and not a (trcnlar form. As the drying docs not 
occur evenly in all i)arts of the fibre,^there is a certain 

amount of twist in various directions according as the lines 
• ® . . 
of shrinkage occur, so that the general appearance is like 

a twisted collapsed tube or thin ribl)on with thickened 
edge.s, and the twist not like a continiioas torsion in one 
direction like a screw, but sometimes to the right and then 
to the left in each fibre. , 

This twist, which is a (‘hanictcristic of all cotton, even in 
tho^vvild varieties, is largely increased by cultivation, and 
the torsions are most numerous in the best fpialitics ofc 
cotton. Inis property of the fibre is of the utmost value 
for textile purposes, because, when the fibre is spun ami 
twistetTnito a thread, these twists form a means of enabling 
the fibre,^ to hold together by locking into each other, 
and thus resi^ being drawn out longitudinally, and the 
strength of the thread is therefore far greater than ^t 
otherwise would be. • 

Many fibres allied to cotton, such as thistle-down, which 
has a beautiful lustre, cotton silk, cotton-sedge, etc., possess 
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<10 twist, and as a consequence have no commercial value 
for textile purjwses. 

Wlieli fully ripe the cotton fibres are easily detached 
from the seed, and form a fine elastic tnd tenacious raw 
material, with a more or less creamy white colour in 
^m4r^«^n and Indian, and a brownish-yellow in Kgyptian. 
When sein under the rt-icroscope by reflected liglit cotton 
presents the {¥ 5 )pearancc of a number of more or less twisted 
fibres, closely resembling a series of convolute<l ribbons or 
collapsed tubes with the edges thickened as if it was 
only the central \m-t of the t\ibc which had collapsed. 
The whole surface is covered over with irregular wrinkles 
or marking^ both longitudinal and transverse at all angles, 
as if the surface or outer pellicle was* dried up like the 
folds and wrinkles of the skin on the back of an aged 
person’s hand. The fibres differ in many respects, but are 
usually of three kinds. 

1. Thin ribbon-like fibres without any thickness or 
structure, which are either immature or dead, exhibiting 
few indications of any twist. 

2. More mature fibres, where the edges arc somewhat 
thickened and the surfaces are wrinkled, and a considerable 
number of characteristic t^vists visible, ami which arc half 

^ripe or arrested in development. 

3. Fully mature, robust, and ripe fibres with full twist 
and well-thickened edges and distinct central cavity or 
lumen. 

Fig. 1 gives a good illustration of some of these fibres 
seen under the microscope and magnified 2iO diameters. 

. These fibres are seen with transmitted liglit-, which 
reveals tiie internal structure of the fibre better than with 
reflected light. The dried-up cell-contents are seen as a 
pith-like deposit in the central cavity, and the thickness of 
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the cell-walls formed by the successive layers of cellulosf,' 
deposited on the inner surface gauges the degree of ripeness 
of the fibre. 

In tillnsverse section the form of the cotton fibre is oval 
or round in the most matured fibres, but in the largest 
number it resembles the figure 8 with the centra^ partion 
not ((uitc closed, like the section gf a double-hoadcd steel 
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lilassy tiln-.', 

1{. ^'hin, pi-iliici'.l, imriiie til)rc. 


C. lliilf-i'iiM-lild'u, with thin crll-wall. ' 
i>. ami B. Fully tualurt^ and ripe llhre, wiLli 
ffll twist and Ihich, woll-deliiiHi cell-wall. 


rail used wn the main lines of railways, while the unripe or 
dead fibres are (juito thin, like the section of a ribbon. 
Und*r''high powers of the microscope the cell-walls, 
especially when created with various reagents, show 
distinct signs of successive concentric layers or rings of 
different densities. This feature is clearly seen in Fio. 2, 
which shows a longitudinal section of a typicaj fully ripe 
fibre magnified 260 diameters. 

In this section four distinct parts are clearly visible, 
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, A the outer sheath or pellicle, B the secondary deposit of 
cellular layers on the inner surface of the pellicle, C the 
ddjiser hi^er which foi-ms the wall of the central lumen or 
cavity D, which is filled with the deposit resembling the 
pith in the stem of a goose ciuill, and which consists of 
the inspissated protoplasm and other cell-contents. This 
section may be compared with that of a typical hair 
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A. Oiil'T stir;itli ui iwllicl*'. hi'itxer layi‘r, Mime.liuic^i >.|>ir,’il in vlianicl'T. 

n. Secondary deiMjsil of l>. Tula; or liiiiieii, u'ith iiilh-like depo^il and 
cellulyae. sonieliiues (.•unlainiiit; l•lI<^<l(•llr01llH. 

given in Fig. 7, where the distinction wih at once be 
clearly seen. Sometimes, and specially in wild cotton, the 
(feposit of cellulose occurs in a sjiiral form, which is always 
distinctive of vegetable fibre and never occurs in those of 
any animal. 

The length of the cotton fibre varies with the species 
from which it is grown, and the following mi»y be taken as 
a fair representation of the length and variation in le/:igth of 
the typical cottons used in commerce :•— 
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TABLK OK VARIATION IN LENCTHS OK VARIOUS 
COTTONS 



MiiNiiiiuiii ' Minimum { 

Mean 

Maximum 

Naiii'' of C'oUoti" 

iji'tivini Lcii}!(.Ii I 

li 

Variai.ioii 


in Iiii'hr'.s. in Incfies. ! 

ill Iiii'iie.s. 

ill Inelii's. 

Sea Iskitfl. 


2-:i0 

0*39 ’ 

Kgyi.tiaii . 

1-7'. ' 1-2* 1 

rfio 

•o-r.o 

Bi'aziliaii . 

1 -so i 1 ! 

] Ti7 

U'55 

AinenVaii (U..S.A.) 

l-7r. ! l-Sf. : 

l-ej* 

<)'60 

Indian or Sural . 

I'OO ' o-eo 

o-so 

()--10 


The Viii’iatioii in diameter is diU'erent in the sevcml 
species of cotton and also^ in the fibres from the same 
species, and this variation is niore diflicnlt to^gaii^i'o tlian 
the length, hecauA', as the filmes in tlie matured cotton are 
not circidar in section, and diffei- muterjjdiy in the amount 
of ripeness, whi^h is measured by the amount of deposit 
within the walls of the fibre, it is only possible to measure 
the diameter in the direction of the greatest diameter of 
the oval section of the tibre. 

The following Uible gives a general indication of the 
diameter and variation in diameter of the libres in the 
various cottons whose lengths are given in the last bdde:— 


TABLK OK VARIATION IN DIAMETER IN DIKKERENT, 
• COTTONS 


Name,of Cutloii. 

■ ' 1 

Muxiiiiiiiu 
ill Indies. 

1 

Minimum 
■ ill Im-lm.. 

Mi'Hii 
ill liiclm.s. 

Maxiiiiiuii 
Variation 1 
ill Indic.s. 

-- •• ; 

Soa Island . . j 

0 00082 

1 0-000^6 

0-0110114 

0-00030 

Egyptian . 

0 00072 

O-OOOfi!) 

O-OOOGfi 

o-ooolo 

Hra/ilian . 

0-000915 

i 0-00015-2 ' 

0-00079 

0-00034 

American (U.S.A.) 

, 0-00097 

j O-OOOfiS ^ 

0'00077 

0*00039 

Indian or Snrat . 

1 

0-001 

0-00054 i 

0-00078 

0-00046 
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^ These figures are not easy to ainy or figure in the mind, 
but the relation between the length and diameter of a 
sftigle fibre of American cotton may be illustrated by the 
fact that if a single fibre was magnified ar enlarged until it 
was one inch in diameter the length would be about 100 
feet,*ai^jl if the fibres in a single pound of cotton, which 
would number about 1/,000,1)00, were placed end to end, 
the average lepgth of the whole would extend 2200 miles. 

Flax. ^“J^^ext in Importance to c(jtton amongst the 
vegetable fibres must be mentioned fiax. This fibre is 
not a vegetable hair like cotton, oi' having its origin as u 
product derived from the seed and connecte»l with its 
protection and dissemination,* but is obtained from an 
integral part of the plant’s structure, unj forms a large part 
of the volume of the stem. It is indeed only a representa¬ 
tive of a large scries of fibres which can be obtained from 
the inner lining of the bark of nearly every species of 
dicotyledonous plants. 

These fibres are called bast fibres and are of the utmost 
importance from a commercial and industrial point of view, 
because they include in addition to fiax such valuable 
materials as hemp, jute, ratnie, and many others. These 
all differ in structure and possess differelit and special 
properties, but fiax fibre may be taken as a typical example, 
and from it linen is manufactured. 

This fibre is derived from a plant known botanically 
as Linum nsitatmimum^ belonging to the natural- order 
Linacea*, for although there are njany plants of the same 
family, this is the only one in general cuHivation. The 
s^-called New Zealand llax is not a l)ast but a fibraiderived 
from the Jeaves of the Fhormium tenax. 

The fibrous layer from which fiax is obtained is formed 
of a reticulated series of lanceolate cells, the ends of which 
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interlock or lap over each other, and thus form a coiv. 
tinuous layer or sheet when the vascular bundle is 
disintegrated. This layer occurs on the outsWe inrter 
layer, v^ich is c^led t\[c phlmm, as distinguished from the 
xilenty which is the true wood fibre, forming the axis of the 
plant, and constituting the princi[)al part of tjie *stera. 
Each separate fibre is foi'med#of a mirabet of cells* 
connected in series, end to end, with a communicating 
opening from cell to cell. The diameter of the cells is 
irregular, and at tlie junction of eacli there arc joints or 
thickening of the cell-walls which form [wojcctions or 
swelling both inside and outside the cell, giving the 
appearance of dislocations of joints that stifen and 
strengthen the ftbre and form thick overlying fissures, 
connected by short discs or rings, which, wlmn the fibres 
are associated together in thrcjuls, greatly strengthen 
them, by catching on to each other and so preventing them 
being drawn out or slipping in the same manner as the 
twists in cotton db the serrations in wool. 

In section the fibres are never circular but always 
l>olygonal, from being pressed together during the growth 
of the stem, and their form*ation and development takes 
place in the* same way as ^otton, by the iloposition of 
concentric layers of cellulose and celluloso-Uke l^odies upon 
the innei^wall of the cells in various forms of mechanical 
' and organic arrangement. The walls are always solid and 
thickj and the structure does not permit of the like ' 
flexure^ in every direction, the same as cotton, without 
rupture and Weakening of the fibres. 

When viewed under the microscope the Hax ^bre 
exhibits the appearance of a hollow, cylindrical ^ube, which 
is open at both ends. The tube, however, is not continuous 
as in the case of cotton, which, as already seen, is a single 
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.cell, but is .sci^iiratcd by distinct joints or knots which 
appear at intervals irregularly distributed in the length 
of* the ibre, at distances from two to eight times the 
diameter of t)»e fibre. The diameter of *lic fibre furies in 
the different qualities of commercial flax from ^ 

Fig. 3# gives a good^illustration of typical flax fihi'cs, 
viewed with tr^ansmitted light and magnified 300 iliameters, 
where the various featui-cs above described are clearly seen. 

The tubular structure is well maiked as well as the 
dividing septa or knots. These divisions mark the 
extremities of the cells, which during the growth of the 
plant form the channel withiif wliich the juices and sap 
circulated ufid connected cell with c<‘ll by a minute canal 
jvassing between the cells through tluj substance of the 
knot in the ccntnil axis, the thicknes.s of the cell-wall 
being produced by secondary deposits upon the piimary 
sheath. 

When the tihrillie are treated with a* solution of iodine 
and sulphuric acid, the s]iiial character of tlic secondary 
deposits can he clearly seen, but there is no disposition, as 
in the case of the cotton fibVe, to form a spiral t<mdency 
or twist in the fibres thcmselvc.s, this tendency being 
sti’ictly confined to the secondary deposits within the cell 
walls. When spun into yarn the adhesive pc/.ver which 
the fibres possess does not depend upon the arrangement 
of the fibres into contiguous grooves, as in Ihe^oC of 
cotton, but upon the mechanical twist which is put into 
them by the operation of spinning, and also*'to the knots, 
which catch upon each otlier, ami the rough naturomf tlie 
outer sheath of the fibre, which is more or less pitted in 
character, arising from the incrusting deposit of resinous 
matter which can never bo entirely removed. 
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The resinous matter is ot a yellowish-grey colour, am],* 
formed the cement which in the plant stem the 

separate fibrilla* into vascular bundles. * * 

The fliickncss^tind density of the tube-walls i-enderthe 
Hax fibre stronger in proportion than that of cotton; Imt 
as the tenacity of the separate cells at their j^oirtt of 
junction, besides intercellular lacking, depeitls upon 



chemical r*ther than mechanical union, it is more rea<lily 
injured by the action of reagents. 

LiJfo- cotton the chemical ba.sis of flax is celhdose, 
but it is never in the same pure condition as 
when derivetUrom cotton, because on the commercial scale 
the incjustiiig matter can never be entirely removed, and 
this, unless special precautions arc observed, always 
interferes with the impregnation of the fibre with dyeing 
solutions. It affords, however, a means of chemically 
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t distinguishing ))etween cotton and flax, when they are 
associated in a fabric, by the difference in the reaction 
wtlh cai^stic alkalies. Equal parts l)y weight of caustic 
potash and water at a boiling tempjraturo luay be 
employed, and when the cotton and flax are immersed in 
it foil' about a minute, the excess of solution removed by 
pressing ‘between l)]otting paper, the resinous matter 
always associated with the flax causes it to assume a dark 
yellow colour, while the purer cotton either remains white 
or turns a bright yellow. {Ihinufi avd Calico rriulmj, 
W. Crookes, p. IG.) 

Kuhlmann in some of his re.searches found that when 
very concentrated solutions ot caustic potash were used 
cotton remains grey, while flax assumesvan orange yellow, 
which he thinks is due to the presence of poetic sub¬ 
stances associated'witli the flax fibre. [Ihjcing ami Calico 
Printmj, W. Crookes, p. Gf).) 

The strength of the fibre-wall in flax enables it to 
resist the action of sulphuric acid longer tlian cotton, and 
the more distinctly tubular form of tlic flax fibre, the 
collapsing of which is prevented by the strengthening 
rings, enables the fibre wlieii immersed in oil to retain a 
quantity of it oven when submitted to' considerable 
pressure, so that when a mixed cotton and flax fibre is 
immersed in oil and examined under the microjcope, with 
transmitted light, the flax fibre appears transparent while 
the cotton fibres remain comparatively opaque. 

The distance between the joints and the length of the 
individual cells differ in different qualities of-flax, and also 
the diameter of tlie cells, and the following table gives an 
average of the length and diameter in fl«ax from various 
countries as given by Wiesner :— 
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TABLE OF LENOTH AM) DIAMETEH OK FLAX FIBRF^ 




■ “ .. f M 

Mfftii l,eiijrtli of Max Mt-aii Diiiinctcr of Flux ] 

• Filiro ill Milliiiu'lii's, Fibre in Millinu'tivs. 


I Egyptian . 
i Wostplialiaii 
! Belgian . 

* Austrian . 

1 Prussian . 

' Irish 


9t)0 (38 ill.) 
TnO (30 in.} 
370 (15 111.) 

no (16 ill.) 

280 (12 in.) 
625 (25 in.) 


•0255 (-00102 in.) 1 

•0114 (•OOOt.'Biii,^ 1 

•Ol05 (-00(W2in.) 
•0202 (-00081 in.) 
•01){k(-00017 in.) 
•0105 (-00042 111.) 


The flax plant is an annual, ami rather delicate in 
growth. To obtain tlie fibre the plant is cut down, and 
after the leaves and sced.s^huvc been removed from the 
stem, the stalks j*re tied in bundles and subjected to a 
process called “retting,” which consists in steeping the 
bundles in water, where they are allowed to remain until, 
a process of fermentation occurs which decomposes the 
tissue enclosing the fibres and .so enables them to be 
sejiai'ated. Whcn*thc retting proces.s is completed, which 
takes about a fortnight, the stalks are passed through a 
mechanical process to i-cmove the fibre from the decomposed 
tissues, and they are then obtained in a comparatively pure 
condition. Tife intercellular jubstauce, which holds the 
fibres together, consists largely of calcium pcctatc, and the 
chemical Aaiige which accompanies the retting process 
results in rendering tliis body solnhle and thus easily 
iliscngiiged from tlie fibres by the solvent action of the 
water, and leaving the fibres free to he separated from 
each other. ^I’here are various processes for retting the 
fibre, aid many attempts have been made to improve apd 
accelerate the process by the addition of various phemicals, 
and also to supersede it by heating the bast with hot water 
under pressure, or boiling with solutions of various acids 
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fir alkalies; but none liavo been found to answer 
the purpose better than retting, the action of which 
depends** upon the presence and development of an 
anaerobic bacillus, whicli is the acti>n agent' in the 
fermentotive process. 

tXa.Vo is the strongest of the true commercial bast 
fibres, anti its length, ijoftness, and flexibility render it 
admirably fitted for textile purposes. It is extensively 
used not only in tlie manufacture of linen, Imt also of 
thread, net, and otlicr reticulated articles. 

Flax may be taken as typical of all the l^ast fibres such 
as hemp, jute, etc., and also for such vegetable fibres as 
ramie or China grass, which, altliough similar, are really 
derived from two separate plants of tthc same natural 
order, tlio former powing best in tropical and the latter in 
temperate climates. These fibres have a high surface 
lustre. 

Amongst fibres derived from the animal kingdom, and 
exclusive of those produced by the hij^iicr vertebrates as 
an appendage of the skin, the most beautiful and widely 
known is silk. 

Silk is the product of a species of caterpillar, which is 
the larval form of a mottli, one of the lamily of the 
Jloinbycidse. Though there are many varieties of silk¬ 
worm, some of which are wild and produce tussah silks, 
the mulberry silkworm {Jlowhp- mod) is the one which is 
best known and which is universally cultivated. Tltv silk 
fibre in the economy of the worm is the thread which is 
secreted to form the outer covering of the Mase or cocoon 
wjjich enswuthes the chrysalis of the future moth during its 
pupa state. 

The fluid to constitute the silk fibre is exuded through 
two ducts or openings, at the head of the worm, which 
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enter a common orifice, tfirough which it passes into the 
air, where tho fibres coagulate into a firm continuous 
filament. As the two sejiaratc streams of viscid secretion 
pass outsat this ^orifice they are coatctl with another 
secretion, which differs in cliemical composition, and which 
is exuded from two other glands, and this cements^ the 
fibres together into a double ^strand. When the,time foi 
the pupal state is concluded the young moth eats through 
the wall of the cocoon and emerges into the*iir, and in so 
doing destroys tho continuity of the silk fibre. To obtain 
the fibre intact and of tho full length the cocoon is heated 
by steam before tho emergence of the moth, to a sufficient 
tem[)erature to kill it, and t4icn the cocoon is placed in hot 
water, which melts the cementing material and^nables the 
two filaments, either singly or in combination, as may be 
required, to be unwound or wrapped on t9 a reel or bobbin, 
when it forms th« spun silk of commerce. The fibres thus 
uuM ound from the cocoon areof great length,as many cocoons 
yield 1500 feet, ami ure distinguished for their high lustre, 
great elasticity, tensile strength, and perfect flexibility. 
The silk fibre is indeed tlic most perfect known to 
commerce, and ha.s no equal ii^ all those properties which 
are most desirtble in a fibre for textile purposes. The 
silkCibre is cajiahle also of being dyed any colour without 
injury to it« strength or lustre. 

Fig. 4 gives an illustration of the appearance of the 
silk fibre when seen under the microscope and magnified 
260 diameters. The double nature of the fibre is dis¬ 
tinctly shbwiij^nd on some parts of tho fibre tho whole 
of tho cementing gum has not been entirely removed, 
as at A and 13. The surface of the fibre when seen by 
reflected light is very bright and lustrous, and usually, 
unless artificially bleached, has a yellow or creamy-yellow 
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^ ^ tinge, and in parts where the two fibres arc not degmnmed 
the surface shows various strijo or markings, )>oth tran.sverse 
and longitudinal. The fibres, wlmn together, are of oval 
section, with a longitudinal groove which marks, the point 
of contact between the fibi’cs, and when single the section 
is seldom round and genej'ally an oval with irregular 
'buUitje. When used for textile purposes the groat length 
of the fibres enables lUeiii to hold or catch upon each 
other, where the twist is put in, as they afl'ord sufllciont 
hohling surface to prevent being drawn out irregularly; 
but the plastic nature of the fibre also enables thetn to 
bind together, and ilieir niutual indentation secures tlieir 
adhesion. 

Silk is'Vhe fibre of luxury, ami although thei-e are now 
rivals, as the result of the ap|)tications of the various 
solutions of cellulose to the production of what is known as 
artificial silk, they lack many of the hest (jualities of .silk, 
and except where chea]iness in ]u-ice is necessary, cannot be 
employed except as substitutes. 

The average breaking strain of raw silk is c<[uivalent 
to 04,000 pounds per square inch, which is aljout equal to 
one-third of that of the be.jt iron wire. AVhen the silk is 
degnmmed there is a decrease in Uuisilc si rength of about 
30 per cent, and the elasticity is less by about 45 per'cent. 
These properti<^s, as well as the diameter of the fibres, 
vary in difierent qualities of silk and also in the same 
fibre of the same quality of the silk, depending uppn the 
position in the cocoon, the inner {)ortion of the fil>re being 
usually rather larger in diameter than the outer'‘part of the 
fibre, and both the elasticity and tensile strength of the 
Imicr part of the fibre being the greatest. The following 
table showing these variations is given by Sir Thomas 
Wardle in the Jourmd Hoc. of ArU, vol. xxxiii. p. G71 :— 



TABLE or' diameters, ELASTICITY. AND TENSILE STRENOTlf OF VARIOU^ SILKS 
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The chemical compositioTi of silk, like that of all 
animal fibres, is very complicated, and consists principally 
of two^ different substances, the one of which, jihvoh\ 
constitutes from one-half to two-third^ of the ivhole of 
the inner part of the fila-c which consists of the substance 
of the two primary fibres. This is an albuminoid of great 
(lomploxity, and the researches of Knccht and others show 
that it is an amido body having both aci<l and })asic pro- 



Kici. 4.—Silk Fitrvs. x ‘260 ilianirttrs. 

A. Fibrt-M sliowing loiigitiidiiiul 

n. In wliicU thu groove ilei-iteiw into coinplete wjKnation of tin* two jHirls. 

'P 

perties. Unlike keratin, the proteid of wool, the fibroin 
contains no sulphur, and is much more constant in its 
composition. It is insoluble in water. 

Mulder gives the composition as follows:— 

COMPOSITION OF FIBROIN' 

Carbon. 48-80 per cent. 

Hydrogen.G-23 „ 

Oxygen . . 25‘00 „ 

Nitrogen.19-00 „ 
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This corresjMDnJs to the empiiical formula • 

Kichardson suggests the following constitutional foi mula, 
allowing ,c to represent the hydrocarbon residue: * 

/Mf 

\(’() ^ Nll 

The other suhstance, wliirli *fornis the cementing 
material which enswathes the two fihrolh fibres and 
cements them together, is (tailed saidn, and its composition 
is given liy Uichardson as: 

(miPOsmiJK OF SKKKUN 

Carbon. 48-80 }iA' cent. 

Hydrogen . * . G-23 „ 

Oxygon.2^-97 „ 

Nitrogen.lO-OO „ 

• 

which corresponds to the formula and unlike 

fibroin it is solulde^in water, and can thus he removed hy 
simply boiling it in water, wlien tlie “hrin” or true silk 
which it covers is degnmined and left in a condition ready 
for the manufacturer. The sijk is also at the same time 
frjee4l from coj^ur, most of which is associate<l witli the 
sei%in and not the lihroin. • 



CHAPTER ill 

8TlUJ<:Ti:iiK OV TIIK SKIN 

Amongst aiiiinul lilires, next after silk, must he classed 
those which are derived the iii^lier vertelirates, and 
wliich imdude all forms of hair and \v»»ol; and here tlic 
nature of the wor^ which is intended to form the sul)jeet 
of this volume is entered upon. As was the ease in 
regard to the treatise on tlie cotton hin'o, wliieli occupies a 
previous volume of this seiies, it is not the intention of 
the autlior to deal <lirectly witli atjy maifufacturiiig process, 
but rather to confine attention t o the nature ami properties 
of the raw tuatcrial itself, and the conditions under which 
the variations in the stiaicturc occur, and their origin, with 
a view to point out how the various properties arc modified 
^ and thus rendered hettcr fitted for use under specific 
conditions. ' 

The iiKjuiiy will necessitate a knowdedge of the origin 
and dcvelojiment of the various fibres, and of the 
physiological conditions under wliich the variations occur. 

Such an investigation demamls a wider Wtugc of suhject- 
Tpattcr tlian was necessary when the im|uiry was •confined 
to the fibres having their origin in the vegetable kingdom, 
inasmuch as the metabolic changes are greater and more 
complicated in animals than in plants, and the materials 
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. * 

wliicli form the fil>rcs have a more comj'licatoil ciiemical^ 
and mechanical structme than thoric which belong to tlie 
scries of cavbohydi ates. , 

Ainoitgst fur-, iiair*, and wool-ljcaring animals the most 
useful ami necessary libres arc supplied by one order in 
tlie animal kingdom, the Uuminanlia, or animals v^hicli 
(diew tlie end, and which ificludes sliee[), goati, cameU* 
cows, etc., and their congeners. The libres are an appendage 
of the skin, and form an outgrowth from it, and are not 
like vegetable libres, such as cotton, merely attached to 
the surface, but form an integral pait of its structure, and 
with which in its earlier stages, development, and maturity 
it maintains an organic union. 

Hair, wool, a^d even the feathers of biills arc very 
similar to each other in their essential nature, and arc all 
produced in the same way hy the |>ro(lni?lion and determin¬ 
ation of similai* ejiidermic oi- .skin cidls at the bottom of 
cuticular dcjiression or follicle, wliii-li is tlask-shaped and 
deeply embedded ^vithin the surface of the skin. 

This follicle or ilask is formed in the substance of tbe 
true skin, and is supplied with an abundance of blood by a 
special distrilmtion of vessels witliin its walls, The.sc 
vessels are cdlitinueil as a fine network a short distance 
lic^ond the root, and tlius feed the cells imtil they are fully 
dcvelopeil. 

In the case of some diseases of the hair, such as Pi>'a 
l>olo}‘.mt, they become enlarged, and allow the blood to 
penetrate into the substance of the hair, so that if tlie liair 
is cut orTji'olwn it hloeils. 

If i^hair is pulled out by the root, it will be found that 
there is always a bulbous enlargement at the bottom end, 
of which the exterior is tolerably firm ; but the interior 
consists of a soft pulpy substance. The pulp is composed 
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,„of a mass of newly forrac<l and uncondcnsod cells, and the 
continual production of these and their modification and 
conversion into the substance of the hair, as the hair is pushed 
upwards from the bottom to the orifice ot the follicle at the 
surface of the skin, is the cause of the growth of the hair. 

This mctho(.l of generation and growth, however, supplies 
no explanation of the ,differences which are seen in the - 
arrangement of the cells and their relation to each other, 
or their modification, which is manifcste<l in the special 
forms which different fibres of fnr, hair, or wool assume on 
different animals, althongli the a})pearance of the bulbous 
parts of each are very similar, and no examination has 
disclosed the reason for these differences. 

All the different structural parts of fjbhe hair arc only 
modifications of the organic structure of the skin, out of 
which it grows, ancl which have had a vertical rather than 
a horizontal determination given to them.* The cause of 
this determination is unknown, but the mechanism of it is 
associated Avith the jirescncc of nerve fibre.s, which, like the 
hlood-vessels, penetrate the outer sheath of the hair within 
the follicle, at its lower part, and thus the hair is put in 
connection with the neiwous Jsystem of the animal. 

A series of small muscles,are also always dctaclied to the 
outer sheath of the follicle, wliich control its directioi/ in 
the skin, and a sudden shock to the nerves will ♦oometimes 
cause these to contract in such a manner that the direction 
of the follicle, witli its confined hair, becomes vertical to 
the surface of the skin, and thus warrants the expression that 
the hair stands on end. This is well seen hi the erection 
of, the hair on the neck of a dog when excited and angry. * 

Although at first sight the structure of the skin, either 
of man or any of the lower vertebrates, appears to be a 
simple external layer covering the whole surface of the 
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softer portions of the l)oc 1 y, it is rc;illy a very complicated, 
structure. 

The Skin of all animals consists of a series of itrata or 
layers, (Jlie overlying the other and possessing difterent 
texture, which may l>o divided into two sharply defined 
groups, each of which consists of several more j)r*lc 8 s 
distinct layers. 

The-se two pi-incipal division.s arc rcs[)^ctively called 
(I.) the qMenih^, Mhich is the outermost and lies over 
(II.) the more deeply seated ikrwh or cutis vera. The 
epidermis when examined in the vertical section under 
the microscope, and when the parts arc brought into 
prominence by the use of suitahle staining materials, reveals 
six more or loss distinct layers, which may be ctividcil into 
two groiqis, of which three form the u|y)cr or scarf skin, 
and three the lower, called the rete mucosiim or Malpighian 
layer, from its first observer Malpighi. 

The dermis or cutis vera is formed of two layers, the 
upper called the [ii#[)illary layer, and the lower the corium, 
which rests upon, and merges into, the subcuUneous tissues 
of the body. 

This stratification, which mxht be examined in detail since 
it is within the3b layers that thejollicles and bail's originate, 
may he Ubulated as follows, commencing at the outside;— 

1. The cuticle. 

2. Loose horny cells, slralum 
corneum. 

3. Stratum lucidum. 

4. Stratum granulosum. 

6 . Prickle cells—in several 

rows. 

C. Columnar cells, one row. 

11 Dermis. ^ *’“1’'*'“^ '“J'"- 

11 . uermie. 


Scarf skin. 


Rete mucosun?. 




42 




iVOOL FIBRE 

f! 

It has already l)cen seen that the solid material of all 
plants is built u|> of small, variously shaped, sac-Iiko Imdies 
or cells, rtvhich enclose within their walls, during the growth 
of the plant, the protoplasm or juice by weans of \fliich the 
substance of the plant is formed by the metabolic changes 
whioh occur within the organism. 

In the same way ^11 aifimal siibstinccs are, in like 
manner, built up of cells which ditl'er oidy from those found 
in plants in their si/e, shape, and chemical composition. 
The nmthod of growth of those cells is identically the same 
in plants and animals, and in their earlier stages of 
development it is rpiitc ini})ossih!e, with the micro.scope 
alone, if the position in which fhey are found be neglected, 
to dlstingufsh one from tlie other. e 

The protoplasm, which forms the ultimate germinating 
material in each, i.s undi.stingui.shable by any meaiis at our 
command either mcehanicaliy or chemically. 

1. The Epidermis.- If a brusli or i-ough substance, 
such as a piece of black cloth, is taken and rubbed upon 
the surface of the skin, c.speeially in a dry place, like the 
back of the hand or the thigh, a ([uautity of dry light- 
coloured dust will he rubbbd oft and attach itself to the 
cloth. If this is examinet^ under tlie mierdscope, it will be 
seen that this dust consists of a series of <letaclicd flattened 
scales. These are the c[)idermal ecu'!, whicli for.n the outer 
stufacc of the skin, and wliich, having j)crforraed their 
function in the economy of the body, are being thrown 
off and replaced by others that are being renewed con¬ 
tinuously from ))eneath. * 

Those epithelial scales arc dry, hard, and hotny, and 
sometimes constitute the larger portion of the epidermis, 
and differ in form from the outer to the inner layers. In 
the outer layer or cuticle the cells are always structureless 



STRUCTURE OF THE SKIN 


43 


and flat, exhibiting no cell contents, and dry and hard, 
with a chemical composition closely rosenihling liorn. 
These are clearly seen at A in Fig. 5, which represents a 
vcrtiwil itictioii ofirhe skin. 

Beneath, in the second layer, seen at B, the cells arc less 
flattened and more closely arranged, with irregular jhiiihle 



convex surfaces, and packed together so as to form a more 
or lees elastic bed upon which the upper .stratum re.st.s, the 
cells becoming more flattened and dried up :ls they approach 
the outer cutiric into which they merge. The third layer, 
C, or ste’atum lucidum, consists of a series of similar shaped 
cells, which exhibit morcor less granulation in thcirstructure, 
and in which the cell-contents are not entirely inspi.ssated, 
and they rest more or less conformably in the horizontal 



44 WOOL FIB^E ,chap. 

vdirectioii upon the stratum granulosum, P, which forms the 
upper layer of the retc mucosum, from which the layer is 
constancy being renewed by the passing upward of fresh 
cells from its surface, many of these c^^Is showifig traces 
of a nucleus. The fifth layer, K, is usually of considerable 
thiefcniiss, and the form of the prickle cells, as they arc 
called, iif section, is Viat of irregular polygons with a 
distinct nucleps and granulations, but the shape gradually 
changing in the deeper rows to an elongated form, arranged 
gradually into a Vertical position, and ultimately passing 
into the single row of vertical columnar cells, F, which form 
the base of the retc mucosum. and which fills in the sub- 
stjince between the i)apilhe of the upper layer of the 
dermis. TFiese cells are rich in protoplasm, and indeed in 
the stratum lucidum as well as the stratum granulosum 
the cells arc fillcJ with small drops of a material which 
stains deeply with carmine.^ 

Tlie growth of the epidermis takes place entirely by the 
multiplication of the cells in the deeper Payers, and as these 
grow, and pass upwards, they »mdergo mechanical and 
chemical changes, difiering with the layers into which they 
pass, until finally their protoplasm is transformed into the 
horny material of the super{jcial strata, and tliey arc thrown 
off as scarf skin. The greatest change seems to occur 
within, and just above the fourth layer, I), the stratum 
granulosum, where the cell granules arc composed of a 
substance called cleidin, closely allied in compositioii to 
keratin, which is the basis of horns, hoofs, and nails. 

2. The dermis or cutis vera is foi^ied of dense 
Uiodified connective tissue called the corium, thff upper 
surface of which forms the papillary layer, G. These 
projections of papUlce jmss upwards into the rete mucosum, 
^ Emniials of UisloUtgij, Schafer, Lotuloii, 1907, p. 228. 
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which'is moulded over theA and fills up the spaces between. 
The upper layer of the corium is rich in a network of' 
blood-vessels, looped capillary prolongations, many of which 
pjiss into^the papilla;, and others rise upward and’supply 
with nutriment the various appendages embedded in the 
skin, such as sweat glands, hair follicles, with their coating, 
muscles, and glands. « “ ' 

These papilhe also frequently contain tactile corpuscles, 
with double nerve fibres entering them, and upon these the 
sense of feeling depends. On the general surface of the 
body the papillre are short and minute, but they increase 
in size and diiTer in arrangement in various special situa¬ 
tions, as in the human l) 0 <ly 4 ’ on the surfaces of the hands, 
feet, and other parts where great sensibility « recjui.sito. 
This layer is chiefly composed of areolo-fihrous tissue, 
elastic tissue, and .sniooth muscular filj^e, and is highly 
vascular and sensitive. 

The corium or deep-seated stratum, 11, is lowest of all, 
arid is connected ^vith the denser papillary layer above. 
It consists of areolo-fibrous tissue, which is collected into 
cellular bundles, called fasciculi, which are small and 
closely interwoven in the suporficial stratji, and large and 
coarse in the l^jver strata, forming an areolar network with 
larj^o openings, which serve as fihannols, tlirough which the 
branches o{ the larger blood-vessels, lymphatics, and nerves 
pass outwards to the surface of the skiii. Beneath the 
corium is the adipose layer, which always contains a 
number of clusters of fat globules, which are irregularly 
dispersed Hhr^ughout the areolo-fibrous tissue as seen at 
I and J in the lower part of Fig. 6. 

SoctiOQ of Skin. — Fig. 6 gives an illustration of 1i 
vertical section of the skin magnified 250 diameters, in 
which the various layers as detailed above are distinctly 
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seen. In the deepest layer of the rete mucosmn, B, which 
lies upon the pupillary layer, there are fine intercellular 
clefts, which separate the columnar cells from each other, 
and which serve for the passage of ly'mph; and it js in these 
cells also that the coloured pigment granules are developed 



Kk;. (J. - Diii'ininiiiiutic Scclftm of'lln.* Sldii. a 125 tUaiiii'tfrs. 

A. Sciii'l'skin iir cuticlr. l’;i|iill;irv lawt-. ]5.*Sii<lf>ripiir<>u.i 

n. IM.-inm-oMiiii. II. CA'iiiui.' ' K. A'Kim.hh ..r liil u-lls. 

O ami H. Hair toHi'-lcs. I aial J. Srl)ai'i'<)iis di nil ;'laii<{s,' 

which give the colour to the skin of the negi’O and other 
ilark-skinned races. 

From the upper layer of the cutis vera, also in addition 
to the ]>lood-vessels, there extends upwards a •tine plexus 
of nerve fihrilhe, which arc distributed like the blood-vessels 
*to the various ajipeiidagos which arc embedded in the skin, 
and in Fig. 5 some of these vessels and nerves are seen 
distributed amongst the cells, as high as the stratum 
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lucidum, in which layer aTl the nuclei in the cells disappear. 
This section represents a portion of the skin in which no 
appendages arc enclosed, hut this must l»e taken as diagram¬ 
matic, l^gcauso no^area of this size could be found which 
did not contain traces of one or more of them, and they are 
e.ssential to the economy of the animal. 

Appendages of the Skin. - The skin is evef^'whem 
penctnitcd from hcncath to the ^surface by a series of 
channels or oi>cnings, calhid sudoriparous Mucts, seen at 
E in Fig. G, through which the perspiration or moisture, 
from the fatty or adipose layer, which lies beneath the cutis 
vera, escapes into the air. 

The secreting glands wliich throw oH’ this moisture are 
embedded in tlie substance of the skin and mbcutaneous 
tissue, and present every degrei! of complexity from the 
simplest follicle to the com{>ound lohulaWd gland. 

In some portions of the body the cxcrctoiy ducts open 
oil the surface of the skin, with a sinuous outlet through 
tlic layers of the^skin, while in others they terminate in 
what is of most interest to the readers of this book, viz. 
the follicles of tlie hair or wool, which, like themselves, 
have their origin within the surface of the skin, and pass 
upwards through it to the surface of the body, and which 
ar#scen at 1 and .) on each sid? of the hair follicle. 

Hairs j^id wool are therefore li\ ing appendages the* 
skin produced by the involution and subseciuent evolution 
of the epidermis; the involution constituting the follicle or 
sac in which the hair is enclosed, and the evolution the 
shaft of tt!e h^^ir. These follicles arc seen at (I ami II. 

Rcforc looking at the method of generation of the 
hair, and its relation to the skin, it is necessary to lo3k 
at thi.s section of the epidermis and cutis vera with the 
various appendages in situ from which the nature of these 
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appendages and their various p^rts can bo better under¬ 
stood than by any written description. 

It is a diagrammatic representation of a vertical section 
of the stein as it w'ould bo seen if magnified 125 d^iameters. 
In tliis case the human skin has l>een selected, as the author 
has in his possession a series of stained slides which exhibit 
\.li tlie^various parts, but the^kin of the higher vertebrates 
is identical in general sfiucture, and only differs in minute 
details on accdnnt of its being more delicate and the hairs 
usually arranged singly and not in tufts. 

The cuticle or scarf skin is seen at A, with a series of 
dead, loose cells upon the surface. Between these surface 
cells and the rete mucosum,® B, which lies upon the 
columnar c«lls, the stratum cornenm, and the t\vo layers, 
stratiim lucidum and stratum granulosum, will be seen. 
The papillaiy laj-'er at C shows the penetration of the 
papillae into the rote mucosum, and in some of tliem on the 
right hand tactile nerves are seen enclosed within them, 
with fine network of nerve fibrilhe at tli^nr termination. 

Below the papillary layer, at I), is the corium, which 
becomes less dense as it proceeds inwards, and finally merges 
into loosely knit, arcolo-fibirous tissue, arranged in fibrous 
bundles, which enclose a network of ramified blood-vessels 
and nerves so distributed aS to form a vascular and nervous 
• connection with the numerous appendages 0 / the skin, 
which are enclosed within it, and thus in living union with 
the body of the animal. 

These appendages may be considered as of three kinds: 

1. Sweat or stidoriparous glamb, which are^seenrwith their 
winding spiral ducts opening out on to the surface of the 
Ikin after traversing its various strata. They act as 
drainage tubes to remove accumulation of water and lymph 
associated with the tissues. They are very abundant over 
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the whole surface of the body, and are specially abundant._ 
in the pidra of the hand and the soles of the feet. They 
are generated, like all appendages of the skin, hj down- 
growths etrom thi^rete mneosum into the corium, in the 
deeper part of which the gland assumes the form of a coiled 
tube, slightly curved in the duct, which passes iipvard 
. until it reaches the stratum gramdosura, when ik takes a 
corkscrew form to the surface. The secreting gland is a 
convoluted tube, usually larger than the cfHuent duct, and 
the walls of the tube are formed of a dmdde layer of 
epithelium cells, and the duct has a similar wall structure 
which, however, ends at the surface of the rcte muco.sum 
and is continued upward* by the convoluted channel 
■excavated between, the cells of the stratum cSrncum and 
scarf skill, The total length of these coiled tubes is very 
great, and it has been calculated that tlicit aggregate length 
over the whole sfirface of the body totals ujiwards of forty 
miles. 

2, SeliaceoMS or til ijlmids seen at I and .T differ from 
sweat glands both in structure and function. They are 
small, saccular glands, not unlike in appearance to a small 
hunch of grapes, consisting as 'they do of a series of small 
.secreting hulhs»Slustcred roum^a hraiiclied duct, which is 
clea?ly seen by the section ot a gland on the right hand 
in Fig. 6. • The duct in the case of these glands never 
opens direct on to the surface of the skin, hut into the 
walls, of the hair follicles immediately below the papillary 
layer. There are usually more than one of these glands 
associated Wthk each hair follicle. Both the saccules and 
the duct in th®*® glands are lined with epithelium on the 
basement membrane, and probably, owing to the continual 
disintegration of these cells, the saccules become charged 
with sebaceous oily matter, which is discharged into the 
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hair follicle, and forms the lubricant which ju’cvents 
friction in the outward passjige of the hair to the surface. 
The h^ir thus carries the oil along with it forming the 
nutriment which supports ajid feeds its growth. • 

These glarids in the sheep secrete the ^wini^ which is 
so aj-)undant, iti the iMorino sheep, as to form a considerable 
portion of the weight of the heece, and ])rescrves the wool 
from matting' or felting by enswathirig the fibres and 
preventing the surface scales from interlocking. Tlie-sc 
glands arc not developed from downgmwths of the rete 
niucosum but by a lateral outgrowth of the sheath wall 
of the liair follicle. 

X Jhi'ir J'ollkh'n (If Snr^i .—These arc pits or cavities 
formed in the skin by a downgrowtb of the mucous 
mcml)raue, and, like the skin itself, it is c(>in})osc«l of two 
parts, one epithelial and the other connective tissue, which 
correspond, layer with layer, with the‘structure of the 
skin only in an inverted order, since the epidermic part 
of the follicle invests the hair-root, a id hence is known 
as the roob-sheuth, while the external layer (d the follicle 
represents the retc miicosum, but without the stratum 
granulosum. 

The hairs, or wool filjjcs themselves, are formed or 
generatc<l within the follicle in identically the same 
manner as the formation of the epidermis of tb.. skin from 
the surface of the papillary layer. Plastic lymph is, in 
the fii'st instance, exuded by the capillary plexus of v,essels 
at the root of the follicle, and this material iindergoes 
conversion, first into granules and then - into nucleated 
cells, which, as the process of growth and extrusion 
proceeds, are elongated into fibres which form the cortical 
portion of the hair, while in those hairs where there is a 
medulla the cells in the central axis do not elongate but 
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remain of louiidcd or oval form. The cells which occupy 
an outward position, and which aie destined to form the 
surface of the hair, go through a different process.» Tliey 
become ($nvertc<l€rito Hat scales and entirely lose their 
cellular and nucleated form, and, as they are successively 
formed, each fresh one overlaps that inniiediately pre<^edirig 
it, which gives rise to the prdmineyt and wavy liiics that 
are always sc'on roninl the circumference and funning the 
outer cuticle of the hair. 

Hairs arc generally not <inite round, Init more or less 
flattened in fonn, and when the e.\tr(miity of a tiansvcrse 
section is examined it is usually found to possess an 
elliptical or reniform outline. This examination also 
demonstrates that i-he centre of tlie hair' is poi'ous and 
loose in texture, while its ['ciipheiy is dense, dust as we 
find in a sia-tion of a plant stem that the^ ('eiiti'!i] cells are 
Msnally large anfl distinct, while those which form the 
outer layers ai'c moi'c rfloselj’’ packctl together, and at the 
extreme margin inticasc further in density, and change 
the character of the cells so as to form a hark oi' skin, so 
in the hair we have a similar jfljcnomenon, which enables 
us to distiiiguisli its cross sectiofi into a central or nicdnlhiry 
part, a cortical^- intermedia^rart, and a cuticle or .skin 
fornflng the outer portion. If we examine a longitudinal 
section of the hair we find tire .same divisions distinctly 
marked, -the dense outer .sheath of flattened scales, with 
an laner lining of closely packcrl fibrous cells, and 
frc(|uent]y a well-marked ccnti'al vascular Immlle of larger 
ceils. These* l?h*gcr cells ivre, liowover, frcijueiitly wanting 
in many hairs. Tlie extremity of the hair is usually 
pointed, Imt in some instances it is divided into several 
distinct filaments. The lower extremity of the hair is 
larger than the shaft, and forms a conical bulb or bundle of 
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cells, which has a circular section, and constitutes the root 
or growing portion of the hair. Its larger bulk is due to 
the larger size of the newly formed cells, which have just 
been thrown off from the layers ip which' tliey are 
embedded. These cells shrink in volume as they are 
pus-hed upward-from their various growing points, and 
as they become more consolidated they form the shaft 
of the hair with its various parts. I’lie hair makes its 
appearance on the skin of the animal before it possesses 
an independent existence. 

Structure of Hair. —In order to thoroughly under¬ 
stand the structure of the wool fibre, which, as we have 


already seen, is a peculiar inodificjition of the hair, and as 
we know 'more about the ariatomy and mode of groAvth 
of a human hair than any otlicr, we shall take this as a 
typical example* There are several different kinds of hair 
growing upon different parts of the bod;V. Tlie long fine 
hair of the head, which, in the case of the female, often 
reaches a very great length, 2 and c«.'en .3 feet or more, 
with a diameter of about ^tn inch, differing, 

however, very widely oji different persons; also in adults 
a growth of hair undoi' the arm-pits and at the junction 
of the legs, and in males ,not unfreqiiently on the breast; 
also a short stiff-pointed hair, from \ to i inch loilg, as 
on the eyelashes; and a fine downy hair about to Jth inch 
in length, which grows more or less upon the whole surface of 
the body, and can be seen very distinctly if we look along the 
back of the hand with the light shining upon it. All these 
various hairs have a great similarity in stwActure, differing 
indeed only in minute details, and possessing a^common 
method of development. If wo take a hair from the. 
head, and cut it into section in the direction of its length, 
in the same way that a plank is cut out of the trunk of a 
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trfee, we have a very beautiful appearance presented, in • 
which we can, if we magnify it, say about 125 diameters, 
see distinct evidence of three difterent structural •parts: 
(1) a centTal meduHa; (2) a cortical substance, upon which 
the firmness, elasticity, aiul colour of the hair depends; and 
(5) on the outside a ihin outer sheath or cuticle#vfitli^ 
serrated edge. 



Ft<i. 7.—Section ol'lluiiiaii Ihii'. x 125 <lia]m!ters. 

A. (■cnli'Kl nu'cJiilla witli rnimil*iiicl<';ili-(| cctls, 
n. Milisliitii’c witli (Mil illif .mil l;inc‘''iilalrc| iiin'k'ii. 

0. Ctiti(.'l"willi lamtiiiili’d jil .i^^^mil sniaUd i;<lge. 

Fig. 7 lives a rciu'osentalioii of suoli .a longitudinal 
section after the hair has been treated with an alkali so as 
to remove the natural fat and render the stracturc more 
distinct. A represents the central medulla, with its 
rounded amHiUtclcated cells; It the cortical portion, with 
its elongated and striated cells, with fibrillation and linear 
nuclei, containing cndochromc, upon wdiich the colour of 
the hair depends; and C the outer sheath or cuticle, with 
its laminated cells and serrated edge. 



r ig. 8 gives a representation of a transverse section of 
the same hair, inagniiiecl 350 (liamctcrs, and wliere we (^n 
see the various parts mentioned a])ovo with even greater 
distinctness tlian in the longitudinal section. H^re it will 
he seen that the cells in the cortical' portion of the hair have 
lost Uicir round or oval form jukI arc, by tlio pressure of 
the ensvutliing cuticle, forcecl to assume irregular polygonal 



Fi(i. S. 'riansvei'sc Src-tioi/of niiiii.iii Hair, x 350 iliametvijj. 

Sliuwiiij; iTtiOiil hit'iliilla willi roiin'l iiiic-lcuti'il <t11s. C!i>ilic;il siil)stain'i! wiUi 
aii;inl;ir cells, uiiil cuticle will) cluii;;iilc'l ci;lls iiii'l lii'iiinaU.il |»lat<’s. 

forms so that they pi'csent a close dense texture, hut without 
losing their flexibility. If we treat the hair with strong 
sul{)huric or some other acid at a gentle heat, we can break 
up the various parts of the hair into the o^nstituent cells, 
and then only do wc come to undersUuid how complicated 
a 8ul)stance a hair really is. 

To accomplish this tlic method employed was the same 
as used by Nathusius and Bohn in their researches. 
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The filtrc was placed U])on a glass slid(‘, and a covci'ing* 
glass placed upon it and cemented to the slide hy means of 
a drop of watei', which holds the slide in its place. t/V drop 
of sulphuric acid placed on the slide close to the edge 
of the covering glass, and was immediately diffused under 
the cover hy capillary attraction. The action of tlj^^icid 
causes the fibre to expand ami swel], ami the surface scales 
to become distinctly visible and to stand out from the 
cortical substance. If the slide is gently warmed, these 
scales begin to curl outwards, ami linally roil up ami detach 
from th(! fibre and float away. Thesi; cells are very thin, 
and exhibit no signs of structure or any trace of a miclens. 
The niethoil of attuchiiient to the cortical su)».staiice is m»t 
clear, ami (lie auklior could not detect any trace of a 
dividing membrane. As the disintegration of the fibre 
proceeds, under the action of the heateifacid, longitudinal 
'triutionsap[icarin the cortical .substance, and long, swollen, 
••{lindle-shaped masses separate which can be toasoil out 
into distinct cells ftntii the whole cortex is broken up and 
.shown to he composed entirely of the.se cells. 

By counting a small portion of the cross section of a hair, 
in the coiticul ]>art alone it was found that the number of 
cells were not flnich less than in immher in that cioss 
section ; and if wo take them at an average length of , ,\,.th 
of an inch, wo arrive at the conclii.sion that there must he 
GOO,000 of those cells in every inch of the lengtli of the 
hair. This hair was taken off the head of a lady, hut the 
author found in several coarse hairs a very similar average, 
the larger s?5^of the hairs being made up hy an increased 
diameter in the individual cells rather than in a greater 
number; it was also found that the number and size of 
the cells differ considerably in different individuals. Two 
other hair sections gave 900 and 1100 cells respectively. 
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. Fig. 9 shows some of these constituent cells when they 
have been treated with various reagents so a.s to separate 
them and bring out the various points in their structure. 

A represents a number of cells, slch as constitute 
the medulla or central portion of the hair. They arc more 
or Ics^.angular and also rounder, and vary in diameter from 
to '2 000 ^^' of/ATI inc^, and are about the same 

A 



C 


Fio. 0.~CellH constituting Hivir. x 300 iliaiiicters. 

A. Culls from iiuslullji with imclfi niul fat >;lohiilrs. ^ 

B. Culls uoiiicnl siilwlancu >yth ••Imijiatrsl luu'lui uml i>i;;niunt cells. 

.Structureless horny sc.ales lioiii the eiiticlu. #• 

length. They often exhibit ji. distinct nucleus and 
sometimes one or more little rounded globules of fat or 
some other substance; and when they become consolidated 
after being pushed forward from the bulb b^^ho growth 
of colls behind them, they also contain atr, which can- 
easily be seen by macerating the hair in oil of turpentine, 
when the air is displaced by the liquid and escapes in 
minute bubbles. In many hairs these larger medullar 
cells are much diminished in size, and with a very faint 
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nucleus, and iu some entirely wanting. In wool, by careful • 
attention to culture and purity of ])reed in the sheep, these 
cells entirely disappear, and this often forms a read}*mcans 
of distinfuishing ♦•'ool from hair, which u.sually contain.? 
a medulla in some part of its length. B represents a 
series of cells from the cortical part of the hair. Hcr^tiiey, 
arc aggregated in fibrous bundles, jyid also sejiarated iroin 
each other. These cells present uneven sui’faccs, and a 
more or less uneven outline, their true form being spindle- 
shaped ; but they arc mostly flattened and angulai', 
or curved from mutual pressure, resulting from their 
aggregation into the .shaft the hair. Those cells vary in 
length from about to ;,’,„th of an inch, and in 

diameter from 

separated from each other by the action^of alkalies, they 
swell up and become hu’gcr than when in the bundles in 
which they are associated in the su!)stancc of the bail', as 
if they were consolidated under pressure, and they also 
increase apparent!/in length as well as diameter, as if the 
whole enveloping membrane of the cell was distended in 
every direction by the swelling of its contents. They mostly 
contain elongated dark-looking nuclei, and in coloured 
hairs the small* pigment gnumlcs to which the colour of 
the hair is due. These pigment granules are exceedingly 
minute, not more than of at; inch in diameter, 

and are arranged in the hair in linear groujts, their colour 
and number varying with that of the hair. At C we have 
a number of^olated epithelial .scides from the surface of 
the hair, whicn are really flattened, inspissated colls, similar 
in char^feter to those which fonn the outer cuticle of the 
epidermis of the skin, and which have a common origin. 

To these scales we must call particular attention, 
because it is upon a variation in their character, 
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ami the method in which they arc connected with the 
cortical subsUnce beneatli, that the great dillerence 
between wool and hair consists, as Avell as tlic peculiarity 
which enables wool to mat or felt together. To enable 
this to be understood more distinctly we must look at 
Fi^, ^0, wliich represents a hair viewed by reflected light, 
so that^^ve can see thf natdre of the surface or cuticular 
coat. In this diagram the hair lias been freed fronr 



b’l(;. 10. — Untiiaii lluii-. x 120 <tiauicli'rs. 

Siirtac’i' rtl’ liaif Ih'iiIimI » itli canslir soil;i, ^() as Ui .sliuw I'liiiln tital srali'x 

I 

all fatty and other sebaceous matter by lieing tretited 
with a solution of weak caustic sotla so to enable 
the cortical scales to be detached at their free edges 
from the shaft of the hair without disintegration. 
Here wc see at once tlie cause of the serrateil edge 
when the hair was viewed in longitu<linal^ection. The 
whole surface of the hair, at any rate above the teriiaination 
of the inner root-sheath, is coated externally by a firmly 
adherent thin membranous layer, consisting of fiat, 
imbricated, epithelial scales. These scales have all their 
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free margins directed towards the unattached end of the 
hair, and lie overla[)ing each other like the jdates on the 
scaly hack of a fish, or the tiles on a housetop. , In the 
natiual Btatc of ifie hair, when it has not been treated by 
appropi'iatc reagents, these scales lie so flat upon the shaft 
of the hair that it is almost inijjossible to see them^ and 
their existence is only rcvoaI(?il by Uie presence of jr^gular,* 
transverse, and anastomo.siiig lines wliicli ci’oss the surface. 
If, however, tlie hair is treated with any leagent wbieh 
disintegrates its eotnjKuient pai ts, the free margins of these 
scales are raised up, .so that they at first .stand off from 
the hair like the scales on a lir com;, and linally Itecoino 
detached from it altogotlier, so that they can )»c separately 
examined. The vumlicr of them on the suffacc of the 
hair vari(;s considcrahly in diffeient individuals, but an 
average of ten ilifferent hairs fimn sefeial persons gave 
8200 as the niii^iber of free margins in 1 inch. The length 
of the scales varied from ,;/)<)tli to -/,,^th of an ineli, 
and about of an iiicli in dianteler. The whole 

cuticle of tile hair was formed of from three to five layei’s 
of these erills, and they are so closely eemcntc<l together, 
that when seen in scctioft the entielc presents the 
appearance of a tran.spari .it^menduane with a serrated 
C(l5;e. When viewed in relation to wool, thc.se scales arc 
of great importance, because, as we sliall afterwards sec, 
upon them depends tlie distinction to a large extent 
betevoen many classes of wool. They also vary in their- 
nature and arrangement on the haii’s of different animals, 
and also oiMiairs from ditl'erent parts of the body of the 
same ♦animal, so that it is often possible to distinguish 
by microscopical examination from what animal the hair 
has been derived and from what jrait of the body. 
It is not necessary to point out how very important this 
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\J\s when it is necessary to determine whether yarns are 
composed of one class of fibre, or a mixture, and also what 
the character of the mixture is. The cause of these 
variations also is of the utmost impoitance, because a 
knowledge of the underlying causes enables us to modify 
thenj so as to produce a variation in effect wliich is often 
*of the gi^eatest value. ^To kftow this wc must look at the 
method in which the hair grows, both upon the hctal skin 
and when the creature has obtained a separate existence ; 
because in the first case it is dependent upon the selection 
of sire and dam, and in the last upon the peculiar climatic 
and other conditions l)y wliich it is Surrounded, as well as 
to a certain extent upon the food which is eaten. 



CIIAPTER’IV 

OKIGIN AND DKVEDOPMENT OF THE HAIR 

It lias already been seen that the liuirs are enclosed at the 
growing end within a fcHlicle or pouch, which is au 
involution of the^ e[»i(lemiis. These follicle# are about 
* j’yth to -J inch deep in niau, depending upon the {losition 
on the body in which they are foifld. The follicle 
entirely encloses the hair and extends in the shorter hairs 
<iown into the upper layers of the cutis vera, but in the 
longer and stronger hairs into its deepest portion, and even 
in some cases into the subcutaneous cellular tissue. 

Tliis will be readily seen by looking at Fig. 11, where 
we have a transverse section*of a hair and the enclosing 
follicle magntfed 150 di‘>meters, in which the sac 
pe*?trates down below the cutis vera into the deeper 
adipose layer which lies beneath it. 

♦ The walls of the follicle being a simple involution of 
the |kin, they exhibit a similar structure, Avith corresponding 
layers or envelopes. 

StructtfNlof Hair Follicle.-Three separate parts are 
easily distinguishable in the wall of the follicle. 

1. An external, transparent layer, which forms the inner 
wall corresponding with the epidermis of the skin of which 
it is an involution. 
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, 2. A much thicker, very fibrous and vascular portion, 

whicli forms the bulk of the follicle proper, and wluch 
corresponds to the rete mucosum, of the skin, and which 
in the lower part of the follicle comes«in direct contact 



S<‘flioii of IIiiiiihh flair Ffillicli'. 


II, Virtical 

A. SliaCt (jC liiiif. 

(^ K'-t*' lllliniSMtK. 

I>. I*ii|iillur.v layer, 
lil. IJliMxl-vessciH, 

F. .SeUiceoils 0| <til 
O. AHiiiOMi- nr (at y'lolxilex, 


II. Huxley’s liiyiT. 

I. |{a,setiieiil IlleTtllirulie. 
.1. Ileiil.-'s layiT. 

K, Ciit.is vera. 

I- l'a|.illa. 

M. Kreetnl' [lili liniseln. 

N. Nervi*. 


^ 150 (liani<;t(*rs. 

(I. Sweat ;;laiMl. * 
OiilerjVnol,-sheath. 
Inner ront-sheath. 

K. Mi'ilnlla nl’hair. « 
S. rihiniis i'nrtieal .‘iilh- 
staiice. , 


witli the cells of the growing hair and tlie'^pilhi from 
which it springs, jind which it completely encloses. , 

3. A transparent sheath, called the i)asement membrane, 
of which tile papilla is an involution, and which forms the 
external sheath or covering of the follicle It is a firm 
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elastic yellowish membrane, and terniinates at the point 
where the sebaceous ducts open into the follicle. 

As seen in section, the follicle presents the ajtpe^rance 
of a mosttfoinplicajcd striictiire, the various parts of which 
and their relation to each other it is almost beyond the 
power of words to describe, but which are all clearly .seen 
in longitudinal section in Fig* 11, wlierc all tlie^valions 
parts are detailed and their positions and names indicated 
hy the letters and descriptive table liencath the diagram, and 
which was sketclual from a section of the skin l)y the author. 
Generally it will be noticed that tlie follicle consists of 
three jtai’ts, as descrihed above, ami that immediately 
round the growing hair, vliich forms the cenlnil axi.s, 
there is an inner^ enclosing wall, separated* from the 
involution of the skin by a .small annular .space, and then 
an evolution of this wall forming an iimfl’ enclosing tube 
in which the liai!> Lukes form from the conditioning of the 
C'tls wliich enter thi.s tube from beneath. Tlie liaii’ itself 
is not in direct coit^ict with the inner wall of tliis tube 
which is lined by Huxley’s layer and is in closest contact 
with ilic liair shaft just at the point wliere it cmei'ges from 
this tube. Ilenle’.s layer forms the outer slieath wall 
of tliis tube. • ^ 

Pt cross section of the follicle just aliovc the jioint 
where this«inner tube is completely dill'erentiatcd from the 
outer tube is seen in Fig. 12, in which the various layers 
are ^ven more distinctly seen than in the longitudinal 
section, and can easily he recognised by l efcrence to the 
lettering umtCwicatli Fig. 11. 

The structure of this inner tube, which .seems to act tlie 
part of a mould in the formation of the liair hy receiving 
at its lower end the plastic active cells, which are 
continually being thrown off from the papilla and pressed 
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upward by those behind, is highly complicated, and its 
substance is connected externally at the lower end with 
the outer root-sheath and internally with the outer layer 
of the cuticle of the growing liair. ^ , 

At firet sight it appears as if perfectly homogeneous, but 
on closer examination it is found to bo distinctly cellular. 



F/o, 12.—Crofis Section of Hiinian Hjiir Kollicli', x .350 diftiHt terH, 

9- 

.SliOH’iiig the oiitfr f iilii'.naf' wliicli is*, in iiivoliilioii of (In' cpiil'Ttni.s nml llu’ intier 
tulip, spfKifiitpd liy iui aiimilur s|«t(T, wliirli is .-in rvoliit ioii of thi‘ onti* tiibf, 
iiikI encloses Dip fiiYiu inx Intii' witli its iTtitral iiipdiilUi and oiitcr rneiewing 
cortifa! layer and ciitirtp. * 

It consists of two or three layers of, polygonal, longisli, 
transparent cells, with their long axi.s parallel to that of 
the hair. The outermost layer, called ^ifenle’s layer, 
consists of long flattened non-mieleated colls, from 7 Jo"! 
to length, with fisstirea Itetween them, 

thus forming a fenestrated or perforated layer. The 
innermost layer, called Huxley’s, consists of one or two 
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layei’s of shorter or broader polygonal cells, fron» i 
to of an inch in length. Their nuclei, which exist 
only in the lower part of the coat, arc often broadei^at the 
end than»iji the iniddle, and arc sometimes curved and 
pointed. At the Irase of the hair follicle the unicr root- 
sheath consists of a single layer only of beautiful poly^^tial 
nucleated cells, which, becoming' soft, delicate, and i;punded,. 
gradually pass into the outer layers of the round cells of 
the bulk of the hair.* 

The shaft of the hair comes in close contact with the 
enclosing wails of the inner root-sheath just below the 
point where the sebaccou-s ducts enter, and is also less 
consolidated higher up, the* outer cuticular layer of the 
shaft being in'clos<i contact with the outer layer of the 
follicle itself, ami the two cannot be easily distinguished 
except by the use of an alkali, as a reagent, when the 
shaft of the half shrinks in upon itself and assumes an 
i;ndulated form by the involution of its outer coating. 
Within the root-shtath, below the point of stricture, the 
cells of which the cortical part of the hair arc built up 
arc more rounded and of larger diameter than when the 
hair passes out of the follicle. * They ai-c, however, less in 
length, and it se%ms as if, as the nrocess of growth proceeds, 
and the cells are carried outwards farther and farther 
from iheir*point of origin, the consolidation which takes 
place elongates the cells at the expense <11 their diameter, 
and 'cridcrs the hair shaft more dense and fibrou.s. The 
cuticle, of the hair also undergoes a similar change. At 
the root of thJ hair, in the bulb, just whore the epidermal 
cells are thrown off from the growing points, they arc 
round’and nucleated, but this rapidly disappears, and they 
assume the form of the flattened imbricated scales which 
* Micriigrnphic Didionufij, 3:14. 

K 
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afterwards cover the surface of the hair. In the lower 
parts, however, tliey stand more outwards from the 
surfaco of the hair, and are thus more distinctly seen 
without the use of a reagent than when (♦he hair has passed 
out heyoiid the surface of the skin. The shaft of the liair 
its(}Jf, when it ^xasses out l>cyond the follicle, is, as a rule, 
straight, and to a certain extent stiff, hut it posse.sses a very 
remarkable degree of tenacity when subjected to strain in 
the direction of its length, as well as power to undergo 
flexure without a ruj)ture of the cells of which it is 
composed. Its cellular structure also enables it to retain 
its circular form under great pressure. It is also very 
elastic, and when subjected* to strain draws out like 
an elastic 1)and for a considerable length before it breaks. 
It should be observed that the follicles do not stand 
perpendicularly "^in the skin, otherwise the hair on 
leaving the surface would always st&nd erect. The 
position of the follicles is oblique, and hence the hairs 
lie smoothly, especially if they are idh)wcd to take their 
natural sweep round the crown, which is their centre 
of radiation. Indeed, the haii- on every part of the 
body, both in man and th<f lower animals, is arranged in 
various geometrical curves or currents, so us most suitably 
to conform to the contour of the body. This is weirBcen 
in the arrangement of the hair on the body ‘of a horse. 
At the sides of the hair follicles, and passing into the outer 
layers of which the follicles are composed, thera are 
involuntary ^muscles, which arc called the erector muscles, 
by means of which the hairs are drawn into an upright 
position when acted on by tlie nerves. Their cortraction 
also assists the sebaceous glands to discharge their contents. 
To their action also is due the mottled condition of the 
skin which we often call goose-skin, hecanse it resembles 
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the skin of that Inid wlien the feathers arc iihiekeii 
out. 

The riuliments of the first hairs aiipcar in tlie 4innian 
ffftus abtflit the ei?il of the third month, the growth being 
just coiniilcted aliout the fifth or sixtii month, and just as 
in mammiiis, are at first soliii knob-iike outgrowths cjj»thc 
stratum maipigiii into tiic corifim, especiaiiy 01 tiie*(leepc 9 f 
iayers of coiumnar cells. In some instances llic corium 
sliows a sliglit elevation preceding tlie formation of tlie 
rudiment of tlie liair, Imt tliis is absent in many instances. 

Development of Hair Follicle.— “ Tlie liairs are origin¬ 
ally developed in the embryo^in the form of small solid down* 
growths from the malpighian layer of the epidermis. The 
hair-germ, as it is mlleil, allhotigh it docs not give rise to 
the hair but to the epithelial cells of the Jiair follicle, is at 
first composed of soft-growing cells, the outermost and 
deepest having a columnar shape. ITesently those in the 
centre become dift'erentiated so as to iiroducc a minute 
hair invested by aif inner root-sheath with its base resting 
upon a papilla which has become enclosed by the extremity 
of the hair-germ, and which is continuous with the 
connective tissue of the corium. As this minute hair 
grows it pushc? its way through the successive layers of 
the epidermis, which it finally perforates, the epithelial 
layer being thrown off. At the same time the follicle 
grows more deeply into the corium and carries the papilla 
down with it.” ' 

■ The origin and development of the follicle and the hair 
within the fcetal skin is most interesting and instructive, 
and will better be understood and followed by reference 
to Fig. 13, which represents a diagrammatic vertical section 
of the skin. 

* Essentials of Uistvh^jy^ Stliiifev, p. 231>, Li'iigiimiis, Loinloii, 1907. 
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A represents the outer skin or cuticle resting upon the 
str«atum corneuni which merges downwards into the stratum 
lucidum and the rete miicosum. The first metabolic change, 
which results in the formation of the haiu'follicle, eommeiices 
by the involution of the rete mucosum down through 
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Kl'i. 13.— Iliiii'-<li'nns aiij Follicles in I’voci'ssot Dcvelopiueut 
(Vi-rtii-al Section), x 120 dianieter.s. 

A. t;]>i‘li'niiis. F. DcvulopiiiK hair lullieli'. 

H. net>'itnicosuin (.m tin; imihllaiy ,■ ]>u|,jila of Prj|licl.‘. 

C. I’rimary involution uf eihilcrinix. UinHiiii'tifaiy fill xIdIhiIvs. 

H. (hnni cells of srlmcroiis ;;l!Ui<l. J. Cntiele of outer root-sliealli in 

K Connective tissue cells iif'ciuo'l iloo: to coiitiuuatioii c if the hiisal 

l>l(aluee the <k'Vtiii<‘«''Mi ••! luemluaTie. 

the papillary layer into the corium beneath, and wh’ch is 
represented at 0. While this change is taking place, and 
which is only faintly represented by a dimpling in of the 
outer cuticle, an anticipatory metabolic change also 
commences, beneath this involutionary sac, in the lower 
strata' of the corium, and which is indicated by the, 
evolution of numbers of connective tissue cells, as seen at 
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E and I, which cotnraence to group themselves symmetri¬ 
cally round an axial line passing through the centre of the 
epidermic depression at right angles to the anrface,of the 
skin, or nearly so« These cells gradually, as will be seen 
at I, form the nucleus of the root of the follicle with its 
basal layer and papilla, which is exhibited when npore 
fully developed at G. 

Meanwhile, the connective tissue in the str.ata above 
the top of the papilla has formed the rudimentary inner 
hair sheath or tube, anil by the absorption into themselves 
of the enclosing cells have prepared a funicular space, 
which gradually extends upwards towards the involutionary 
sac of the rcte nmcosum," and within which the rndi- 
mentary hair commences to be formed by the generative 
cells now thrown off from the papilla. 

This is the birth of the hair or wofl fibre which is 
clearly seen in th8 diagram, and which, .as it p,asses upwards, 
graihially increases in diameter as the plastic cells are 
crowded into it frofn below until it entirely fills the tube, 
while the cells assuming the medullary, cortical, or 
cnticnlar form, according to their position, constitute the 
fibre, whose more consolidated point, when it reaches the 
top of the inifer root-sheath penetrates the overlying 
opiubrinic scales and thus pp'ses out beyond the surface of 
the kin. *In this follicle the sebaceous gland, with its duct 
opening into the side of the follicle, is seen in the process 
of formation by an outgrowth of the outer wall of the 
follicle. At F the marginal process is seen, to which the 
erector musclbs are attached. 

The. rudiment of the hair rapidly elongating becomes 
cylindrical, and in it may be noticed the following elements: 
the majority of the cells arc small and polyhedral, in the 
marginal layer they arc hexagonal or slightly columnar, the 
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former possess a spherical, the latter an oval, nucleus ; the 
cells and their nuclei in the axial portion of the hair 
rudiment arc slightly flattened. There is a distinct limit¬ 
ing membrane between the marginal lay^r of cells and the 
surrounding tissue; this membrane represents the rudi¬ 
ments of the transparent basement membrane. Each of the 
hair Vudiments is from the 4)arlicst time surrounded by a 
thick layer of tissue ^together difierent from the rest of 
the corium, and representing the rudiment of the hair sac; 
it is well marked oft' from the corium, is composed of a net¬ 
work of flattened, spindle-shaped or branched cells, and 
stains as a whole, with reagents, better than the rest of the 
corium ; although relatively vety bulky, it nevertheless can 
be traced directly to a thin layer similtp'ly constituted and 
sittjated immediately underneath the epithelium of the 
surface, that is ^ say, a layer which gives origin to the 
papillary body of the corium. *' 

Tliero is a definite distinction between the hair sac and 
the surrounding corium in the full-grown hair, and we sec 
this is borne out by the development. The lu-anchcd cells 
of the rudiment of the hair sac soon make their way into the 
above solid cylindrical hair hidimcnt, and thus give origin 
to the branched nucleated cells that are pres*t;nt in the adult 
state between tlie cells of the outer ruot-sheuth. ® 
The tissue of the hair .sac grows much indte rapidly 
than the hair rudiment, and having closed round the deep 
extremity of tlie latter, grows now against it as the papilla, 
and thus j)roduccs tlie inflection and enlargement of the bulb. 

Henceforth the multiplication of the celfe at the bulb 
naturally leads to the new cells being pushed up*in the 
axis of the hair rudiment towards the surface, and becom¬ 
ing elongated, constitute the elements of the hair substance 
and its cuticle and inner root-sheath. The cells of the 
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primary solid cylinder represent the rndiment of the cells 
of the outer root-sheath only. The gradual conversion of 
the cells of the bulb into the spindly-shajied hornjj scales 
of the suUstanco ot the hair, the (lifferentiatinn at the bulb 
of the cell layers, and their conversion into the cuticle of 
the hair and the inner root-sheath are easily understood 
from the description given ajjovc of these parts ot the 
adult hair. 

One of the latest parts to appear is the month of the 
hair follicle, as the hair exists for some time beneath the 
skin before its appearance outside. 'I'lic hair itself and 
the inner root-sheatli, having reached the stratum corneuin 
of the surface, for a short time continues to grow under¬ 
neath it for a considerable distance, in a horizontal or 
slightly obliipte direction ; ultimately however the stratum 
corneuin is broken through, and the moiffh of the follicle 
having thus heeti established, the hair henceforth grows 
beyond the free surface, losing the adherent parts of the 
inner root-sheath from the neck outwards. 

As soon as the rudiment of the papilla makes its 
apiieaiance, the hair follicle, then still a solid cylindrical 
mass of cells, pushes out, iiclir its connection with the 
surface epithefrnm, a small kiiob composed of the same 
polyhedral cells as the hair follicle; this knob graibially 
clongates,’divides at its extremity, and its branches are 
converted into the alveoli of the sebaceous gland. This duct 
is, therefore, an outgrowth of the neck of the hair follicle. 

Fcetal Hair. —The fully developed fatal hair is very thin, 
and its folliclb and papilla do not reach the siibciilaiicous 
tissue.. These fine hairs form a complete covering over the 
whole surface of the body, except the [lalms of the hands 
and the soles of the feet, termed the himuju, which is 
replaced in m.any localities, soon alter birth, by a much 
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coarser hair, whoso follicle and papilla pass down into the 
depth of the subcntaneous tissue. This new hair is prcn* 
ducedjrom the outer root-sheath of the primary hair follicle, 
as will be presently described. 

Bed'hair,—Every hair in the young child, as well as in 
the adult, sooner or later undergoes a peculiar change, 
whic'n leads to the formatioci of Henle’s hair knob, or the 
intercalated hair of Gbtte, or the bed-hair of Unna, differ¬ 
ing in several important respects from the normal or 
perfect hair, and called by Unna the papillary hair. The 
mode of change of the latter into the bed-hair is the 
following: The cells of the bulb, over the papilla, cease 
to multiply, and consequently'thc hair and its inner root- 
sheath stof growing, first the inner then the outer root- 
sheath atrophy, but the root of the hair remains connected 
with the papilla^ for some time by a thin streak of cells, 
ultimately also this disappears. This pfocess of atrophy 
extends up to near the point where the erector pili is 
attached to the hair sac; here the ej^ternal root-sheath 
becomes conspicuously enlarged, and the hair root 
terminates in it with Henlo’s hair knob, being an enlarged 
broomlike extremity, which, Vith its fibrous horny elements, 
branches out amongst the adjacent cells of*the outer root- 
sheath, The inner root-sheath is wanting just at the 
extremity, but is met with at a short distance ’higher up. 
The hair continues to grow at its knob, at the expense of 
the adjacent flattened cells of the outer root-sheath, and 
in this condition, viz. as a bed-hair, it may retain its 
position and exi.stence for a considerable tiihe. In many 
instances it is, however, eliminated spontaneously, op by the 
growth of a new hair, produced from the cells of its (viz. 
the bed-hair’s) outer root-sheath. 

As mentioned previously, this part of the external root- 
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sheath, viz. about the region of attachineni to tlie erector 
muscle, contains on its surface sometimes few, sometimes 
many, smaller or larger knob-like or cylindrical solid 
projection* of epithelial cells. Now, in some instances, one 
of these grows into the deptli as a cylindrical solid cell- 
-mass, either making for itself a new path, ?>. becoming 
provided with a new hair sac, or advancing in thej)aT.h of 
the former hair; this is the rudiment of the outer root- 
sheatii of the new hair. Its extremity becomes inflected 
over a new jxapilla, just as was the case in the beta! process. 
The cells of this inflected part rapidly increase iz> numbers, 
and thus foim the bulbous extremity in connection with 
which the hair itself and its inner root-sheath arc formed in 
exactly the same manner as in tlie emhryo. Now the new 
hair, as it grows upwards in the axi.s of the new outer 
root-sheath, either passes altogether at tl^side of its hed- 
hair and ultimately reaches the surface, its follicle becomijjg 
provided with a new neck and month, or it makes its u'ay 
into the follicle of •the bed-hair. In this cJiso the hair 
knob, being pressed by the pointed extremity of the new 
hair, is gradually pushed upwards toM’ards the free surface, 
and finally is altogether cjectec^ 

Hair follicles'* with two hairi^ one an old hair and the 
othe^ a young zicwly formed papillary hair and growniig 
from the dSpth, are to be explained in this manner. 

Stieda exhaustively proved the degeneration of tbe old 
papilla and the formation of the iiew one; Feicrtag, 
Schulin, and especially Unna by his elaborate and careful 
.researches, fully established it.^ 

Modification of Hair.-As already lemarked, the hair 
is capable of con.sidcrable modification under various condi¬ 
tions. This is indeed a peculiarity of all epidermal growth.s, 
’ Klein’s Alias nf HMoyi/, I'p. 825-3L7. 
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as will very readily be recognised when wo remember that 
the nails at the extremities of the toes and fingers, and in 
quadrupeds the hoofs of the feet, and even in some animals 
such excrescences as the horns on the h%ad, have^i common 
origin. 

In the hair, one of the commonest variations consists in a 
wav5d character being imparted to it, so that instead of stand¬ 
ing out stiff and erect it possesses a curly nature. This can 
l>c imparted to all ordinary hair by the application of heat 
and pressure, but it speedily passes away when these 
artificial means are removed. This arises fi(»m unequal 
contraction in difierent parts of the hair. Under variation 
in climatic condition the hair tends to as.sumc this character, 
and it is v6ry well seen in the hair of the negro, which has 
far more the appearance of wool than hair. Thi.s likeness 
does not, however, exist further than the mere curl is 
concerned, because a microscopical exainifiation of the hair 
of the negro clearly demonstrates that it possesses the same 
structure as that of the European. Moreover, even this 
woolly character is not constant in the negro race, because 
different classes present every gradation from a full w'oolly 
lock down to a curled or feven flowing hair. The true 
distinction between wool apd hair lies in the nature of the 
epidermal covering with which the cortical iwirt of* the 
shaft is covered, and in the method of atbvchifient of the 
scaly plates or flattened cells to the inner layer upon which 
they rest, and not upon the curly nature of the whole fibre 
itself, although there can he no doubt but that this 
waved appearance is one of the recognised* characters of 
wool. There are, however, to be found numerous hairs 
which possess no curl, and yet have the epidermal charac¬ 
teristic of a true wool, which consists in the power to felt 
or mat, arising from the greater looseness of the scaly 
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covering of the iiair, and which, when opposing hairs come 
into contact, enables these scales to interlock into each 


other, and holds them together quite independent of any 
friction oiwtwist im^)arted to the fibre by mechanical means. 
This pecidiar characteristic will be more readily umlerstood 
by looking at Fig. U, where we have an imaginary longi¬ 
tudinal section of a typical WQid fibre opposed to anSther 
similar fibre, so tliat when they are drawn along over each 
other the scales interlock, serration into seiration, and thus 


become perfectly united together by the wedged edges of the 
sc-'iles entering into the spaces between tiie scale and shaft 


of the opposing fibre. 




I I?, 






Fi<i. 11. —Jiftcrlockiii'' ami Kclliii:,' Wool FiKiv. 


Felting of Hair. —It has been seen that in the case of 
human hair the free edges of the scales arc always pointed 
upwards towards the unattaehjd end of the iiair. 'I'his 
is al?o the case in wool, and when it is in its proper posi¬ 
tion on th(? back of the animal, quite independent of other 
causes which we shall afterwards have to name, the scales of 
the woolly hair arc all pointing in the same <lirection, so 
that their tendency to mat or felt is reduced to a minimum, 
otherwise the lleece or pelt of the creature would become 
one matted tangled mass. The scales being in the same 
direction, the hairs have the tendency to slide over eacli 
other without interlocking, and thus prevent the disagree¬ 
able results which would otherwise occur. 


' W'OO/. PIBKE CHAP. 

Typical Wool Fibre.— Fig. I.'i i., a repre.sentation of 
what may be considered a typical wool fibre, and by com¬ 
paring It with Fig. 10 the great diflerence between the wool 
and the hair is clearly seen. In the wopl the cyhndrical or 
cortical part of the fibre is entirely covered with very 
numerous lorications or scales, the free ends of which have 
a pointed rather than a roivnded form. This enables them 
more readily when opposed to each other to find their way 
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under opjiosing scale.s, and to penetrate inwards’and down¬ 
wards proportionate to the pies.siire whicl) is applied to 
bnng them together. In the wool fibre the free margins 
of the scales are also much longer and deeper than in 
the hair, where the overlapping scales are attached to the 
under layer up to the very margin of the scale, wliich can, 
at Its extremity even, only be detached by the use of a 
suitable reagent. In wool this is quite unnecessary, because 
the ends of the scales are free to about two-thirds of their 
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lengtli, and are to a certain extent, indeed, turned ijartially 
outwards, as can readily be seen by looking at the edges of 
the wool fibre. Fig. 15, where the denticidated strncjnre i.s 
quite distinct against the ilark background. This ideal 
diagram approaches nearer to the fibre obtained from the 
wool of the merino sheep than any other. This is one of 
the most valuable and beautiful wools which is grown,*and 
one which, either pure or mixed with other breeds, yiel<ls a 
large proportion of the wool whicii is used in our l)ust 
manufactures. It, then, may he taken a.s the typical wool 
fibre, and it will be found that just as the mechanical 
structure of any wool approaches this standard it liecomes 
better and better fitted for textile purposes, and just as it 
departs from it docs it become loss useful and* less fitted 
for those peculiar irses to ivhich wool ran be put. In 
different classes of sheep every variety%f intermediate 
structure occurs between true hairs and the fullest develop¬ 
ment of the woolly nature of the fibre, and under certain 
conditions these wide dift'erences may even exist in the 
fibres taken from the ficecc of the same animal; and just 
in proportion as the conditions surrounding the slieep arc 
favourable to the finest dovelojfiuent of all its best qualities, 
and in proportion as the purit'’ ^f the breed is maintained, 
doe^the production of hairy fibres diminish and true wool 
replace thdhi. Other fibres besides those which are grown 
upon tlie sheep.also parhikc of this peculiar property, hut 
none possess it so luiivei'sally and so uniformly. Even the 
wool of the sheep is subject to great differences in this 
respect, arisiifg from a variety of causes, and hence the 
great necessity for studying these causes, so that by 
suitable selection and cultivation we may be enabled to 
produce the best and most uniform raw material. However 
correct the mechanical processes of spinning may be, as has 
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already been seen wlien looking at the cotton tiln'C, we can 
never get beyond the degree of uniformity which is niani- 
feste^l in the raw material itself, and this is equally true as , 
regards the wool fibre also. Perfectly •uniform tnatcrial to 
work upon is the basis of perfect spinning, and although we 
can never expect to reach this standanl, there is no limit 
assigned to the nearness with which we may approach to it. 
Every stei) taken towards this end is a step in the right 
direction, and a knowledge derived from observation and 
experience of what is required is the oidy basis upon which ■ 
to work. 1 fence the typical libre becomes invested with a 
deeply practical as well as theoretical interest, and forms 
the key to .ill future progress and success, and in the next 
chapter, therefore, it is necessary to look shortly at some 
variations in the wool fibres of the various classes of sheep 
which are fouim in the iliii'orent quarters of the world, so 
as to understand the natiue of the conditfons to which they 
are likely to be subjected, and prepare for a closer study 
of their diflerent and characteristic “fibres as they are 
afTccted by these conditions, and see how far they fit or 
unfit them for use in textile maimfactiircs. 



(JI[Al>TER \- 

VAUIATION L\ IIAIK STKUCTUKK 

As has ulfeudy l)oon seen in the [n'cvious chjij)tcrs, the 
variation in the structure n'liicli is assumwl by the liair- 
like appendages of the skin is very great, and differs not 
only in the hairs found upon difterent animals, but also in 
those found on tlio same animal in different parts of the 
body. 

The modification whicii the hair undergoes may occur 
in every part of ito structure, in wliich ease it may cause 
an entire transformation, as in the case of the feathers and 
claws of ])ii(ls, the hoofs and iiorns of animals, and the 
nails on the hands and feet of irfan. In hair the dill'ercnces 
are usually shown in the mcdulhiry and ciiticular jwrtions, 
Avhil? in wool the greatest variation occurs in the entire 
disappearance of the medidla and such modification of the 
cuticle as renders the hair more supple and the capacity 
for felting greater. 

In attempting a general classification of hairs it is best 
to arrange thetn under heads which do not depend strictly 
upon their histological distinctions, but upon tlieir length, 
strength, stiffness, and distribution upon the body of the 
animal, and under sucli an arrangement they may be 
divided as follows 
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1. Jkiatk.% or short, stiti*, strong, ekstic hairs, of which 

those found on the hog, and especially wheti in the wild 
state, are typical examples, where the structure is almost 
solid and the medulla iiiconspicuuns. ^ « 

2. Ikidk-hiiiis, which are short and stiff, and always 
exhibit a medulla, and which usually occur either in isolated 
groftps on particular parts,of the body, such as the eye¬ 
lashes and vibrissa; o! the carnivora, or, as in the case of 
the horse, forming a stiff erectile coat covering the whole 
svirfacc of the l»o(ly. 

3. Jkiird-hiuni, which are long and straight, but some¬ 

times wavy, and generally exhibiting a medulla or traces 
of one, and which characteiise the skin of most animals 
which are hair-bearing, such as the cat, dog,, seal, otter, 
and similar creatures, and in the horse forming the mane 
and tail, and in^the stniight-haiied races of man, the hair 
of the head. • 

4. JFool, which is the modiKed hair found on the goat 
and sheep—in the goat generally coustituting an under¬ 
growth of fine curly fibres, and in the cultivated sheep 
comprising the whole Hcece. Here the medulla is entirely 
bred out, and the cortical* portion constitutes the whole 
substance of the shaft, while the cuticle is formed of 
c.xceedingly thin, Hat, and numerous imbricated cells, Snore 
or less ring- or cup-shaped, enclosing the cortex fcs a flexible 
sheath. 

Wool is, however, only ono^ of a numerous class of 
similar fibres which are modified growths of the epi¬ 
dermal covering of the higher animals, and we. looked 
specially at the case of human hair, because more ig known 
of its histology than that of any other fibre. In the human 
hair it was found that when treated with an alkaline ley, 
and examined under the microscope, the whole surface of 
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the hair was covered with a seiies of fine, delicate, epidermal 
scales, which under ordinary circumstances are attached 
close to the shaft of the hair, and cori espond to the scales 
of the scarf skin on •the surface of the body, hi the case 
of wool, it was seen that the surface of the shaft of the 
fibre was also covered with scales, Imt that in proportism 
to the diameter of the fibre they w(y'c stronger anjJ less 
numerous; they also l)end outwards from the shaft of the 
fibre, at a higher angle, and hence possess a serrat<!(l edge, 
which always presents the points of the scales in the 
direction of the growth of the fibre, that is to say, from the 
biise upwards to the point. When, therefore, two fibres 
are reversed in position, and drawn over each other in the 
direction of their length, so that the point of one hair 
» touches the base of the other, these scaly giigcs interlock 
into each other, and a matting or felting is the result; the 
tenacity with which they can hold together being limited 
only by the strength of the fibres themselves. In the case 
of wool this mattiifg action is much increased by the 
tendency of the fibres to assume a waved or curly structure, 
which enables them to wrap round each other, and thus 
form a firm, tenacious mass. Altliough the true cause of the 
curl wool is not yet known, ^till there seems to bo a 
close relati^i between the tendency to curl, the fineness 
jof the fibre, and the number of scales per inch on the 
surface. This is very clearly shown in a series of experi¬ 
ments recorded by M. Ufoun in the Amalea de 1’Agri¬ 
culture Framiisit, 1832. The experiments were made with 
the wool of some German Merino sheep, at Hohenheiro, 
in WurCbmberg, and Schleisheim, near Munich. Three 
times a year the whole of the flock was inspected, (I) 
j^eforc winter, when the selection of the lambs is made, (2) 
in the spring, and (3) at the shearing time. Each sheep 
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was cxamindl separately, and the exaiaination included 
tlie length, pliability, brilliancy, and fineness of the wool 
The, latter property, which is measured by the diameter of 
the fibre, was ascertained by actual de.Ajrminatlon with the 
micrometer. It was found that this fineness ditlered in 
different j)arts of the fleece, as we might reasonably expect; 
aiuTwhcn the wool iy the fleece was sorted into its different 
qualities, in the manner usual in France, the results are 
given in the following toble :— 


No. 

_ 

Curls or 
Curves por luoli. 

Diiuiu'tiu' of Fibro. 


Super-Elccla 

27 lo 21» 

j, {jlh of ail im-li. 

2 

Klccta 

24 .. 28 

Tiiitt ,, 

3 

tVima 

20 ,, 23 

,, 


Sccuiida Prim 1 

lil 20 

jUtli ,, 

5 

Secnnfli, . 

10 17 


6 

Tortia 

M ir. 

.-.lot'' M 


Qiiarta 

12 ,, 13 

irijtl' M 



_ 

— 


It will be seen in this Uible that the finei' the wool the 
greater the tendency to curl; for when the diameter of the 
fibre is y|(,th of an inch, the number of curves is more 
than double that which, pertains to the fibres whose 
diameter is j, 7 ,>th of an inch. 

The same variation can be seen if we compare the Curves 
and diameter of the fibres in the wools of our own country, 
as will bo seen from the following table: - - 


No. 

Name. 

Curves ]ier Iiicli. 


Enj'lisli Merino 

24 to 30 

2 

Southdown 

13 „ 18 

3 

Irish 

11 „ 1« 

4 

7 „ 11 

5 

Lincoln . 

3 „ 6 

6 

Nortlaimberland 

2 „ 4 


! )iami'tcr of Fibre. 


, of 

fAsbfl 
1 


inch. 


filntll 
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As already stated, the growth of scrratcil fibres is not 
confined to the sheep alone, but is very widely diffused in 
the animal kingdom. Aituost all the higher mammals have 
a hairy coating of ^me kind or other, and in by far the 
largest number wc find a tendency to produce an under¬ 
growth of fine woolly fibre, especially during the colder 
seasons of the year. The difference ^hich exists between 
the hair of man and that of the lower animals consists 
really only in a different proportion of size and arrangement 
in the cells composing the different parts of the fibre, as 
well as in a greater or less development of the scales or 
plates which form the epidermal covering. When viewed 
under the microscope, tire hairs and wool of different 
animals present, therefore, a great variety of structure and 
appearance, especially when seen by tra’jiinitted light, 
which brings out the arrangement, .sti-ucture, and grouping 
of the cells in the interior of the fibre. So far, how¬ 
ever, as our present subject is concerned, we are more 
especially intcrcsted*in the external covering, and here 
the diliercnces are equally well marked. Fig. 16 gives a 
representation of various hairs from the kangaroo, camel, 
rabbit, and Ornilhorkijnchm pimlorus, a singular animal 
found^in Australia, which has a head tei'ininating in a bill 
like a duck. 

In looking at these haii's we see how divei’se is the 
structure. In the kangaroo the scales arc quite distinct 
and imbricated, and stand off from the surface of the hair 
with a wonderful regularity of arrangement. In the 
camel’s hair we find an approximation to the appearance 
of true ^ool, where the scales take the form of irregular 
loricfttions on the surface of the hair, and the upper edges 
of which separate from the face of the shaft when the hair 
is bent, as well as felt when they arc mot in the opposite 
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direction by similar oi)posing scales. TIjc hair of tlie 
Ornithorhynchus presents a very much finer imbiicated 
surface, but with the same general structure; while in the 
hair of the rabbit we have a series'of laminated plates 
which rise from l^twceii the more solid parts of the cortical 
s\)bstance, which exhibits large distinct semi-transparent 
cc ik, Wo might almost' indefinitely extend the list of 



Fui. It).—Various ilairs x 100 diaiiitti-rs. 

A. Hail ol'K.iiixHioo. i,l'. Hair nrlialiUit. 

H. Hair of funu'l. I). Hair oCOriiitUoriiyiiclius [lamiiuinns. 

difl'erent hairs, but these will suHice to show^some of the 
variations which are found. 

Although in wool the variations are not so great as 
those exhibited in the fibres of these dilferent hairs, still 
they are very marked, and some of them are of considerable 
significance. 

These variations in the fibres taken from the same 
animal and growing side by side at the same time are very 
instructive, and indicate the extreme plasticity of these 
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epidermal growths. Such divergent contemporaneous 
forms are generally associated in the fleece of the semi-wild 
sheep of the mountainous regions of Central Asia and tiie 
adjacent plains of ^Tartary and Siberia, and the general 
character of the pelt is coarse and irregular, defaced by 
strong beard-hairs, mixed with a fine undergrowth whjph 
fills up the spaces in the skin between the coarse haijslike 
gnoss amid a tangle of undergrowth. In some of these 
wools, such as grey Vicaneer, dark Bagdad, and yellow 
Fac[)athian, we have several distinct classes of fibres side 
by side in the same fleece. The fleeces of these sheep 
indeed exhibit a greater variation in the structure of 
individual fibres than any others whicli have come under 
observation. These fibres may in the same fleece, and 
often in the same lock of wool, ))C roughjf divided into 
three different classes:— 

(n) Those which have all the characteristics of true hair 
in their most marked degree. 

[b) Those which teseinble alpaca and mohair fibres. 

(c) Those which arc true wool. 

In the first of these divisions (a) there are several 
distinct variations in the form’d the hair structure. In 
Fig. 17 the internal •structur(f is illustrated of one of 
these fibres taken from a Paepathian sheep, as shown at 
A, and its resemblance to a hair will be seen at once. The 
external appearance of many of these fibres is remarkable 
for the very grciit regularity in the arrangement of the 
external scales, and by their pointed extremities, which 
gives them almost the appearance of the stem of a palm- 
tree. B gives an illustration of one of these fibres, which 
was taken from a lock of Biigdad wool. Occasionally this 
great regularity in the epidermal scales is found in the 
hairs qf more cultivated sheep, as may be noticed at A, 
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Fig. 18, which is sketched from the surface of a coarse bair 
from the fleece of a Cheviot sheep. Sometimes the con¬ 
struction of the cuticular layer of these coarse hairs tends 
to the production of larger scales than those which are 
usually found on other associated fibres. These scales 
present an appearance as though the larger scales had 



FuJ. 17.—Section aiol Siirlace of ('oarse Asiatic Shceii’s Hair. 

X 135 (lianicters. 

A. Section of Piicji.'ithiiui hIhtji's liair seen liy lransiiiitlc<l ^ 

]{. Surfiicc .HCitlt's of ItjiX'lail .slicc|i’s fiair seen l>y ii'llcctHl 

t 

been formed within the follicle by the coalescence of 
several smaller scales into one, and it is specially noticed 
that in cases where this occurs there is a tendency in the 
free edge or margin of the largo scale to follow the same 
contour as the smaller ones. Sometimes there aio slight 
surface markings or depressions on the larger scales, which 
seem to intlicatc the margins of the smaller ones out of 
which they were formed. The union is, however, so com- 




piete that it is impossible, except in a very few instances, to 
separate the larger into the smaller scales, even by the use 
of reagents. In Fig. 18, at B, is sketched a coarse hair of 
Paepathian wool, i» which the surface markings of many 
of the large scales show the configuration of the smaller 
scales out of which they were formed. Occasionally the 
whole epidermal tissue of thei^c coarse hairs assumes *an 
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Klfl. 18.- '(^larse lliiirs sliowitif' S(;ak‘s. x J.'iO diiinictecs. 

A. Cdrsi' hair from lar^i' Cheviot ram. 0. Coarsv hair from I’ii('|iiithiaii 
noth sirii hy rrllwU-il lifrlit. 

• 

entirely diflerent appearance, in which the usual scaly 
structure is replaced by a series of interrupted longitudinal 
channels, which give the fibre the appearance of a vegetable 
rather than an animal structure. One of these fibres, taken 
from ajock of dorawool, is given in Fig. 19, at A, in which 
the cuticular envelope resembles a fiuted column; and 
where any transverse lines are j)resent to mark the free 
margins of the scales, they not inaptly supj)ly the semblance 
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o! joints in the masonry. In'all cases where this peculiar 
structure is visible in the cuticular layer, there is associated 
along with it an equally distinctive cortical and medullary 
forniation. The cortex exhibits a coarse texture of spindle- 
shaped cells with longitudinal stria;, while the medulla is 
composed of large and distinct rounded cells wiUi wcll- 
nmfleed nuclei. The wholp arrangement is indicative of a 


( 


Fm. 19 .—Fil*re of Jora<Wool-Viair. x 120 diameters. ^ 

A. Fibre by H;<bt. li. Section of fibre seen by transmitted light. 

f 

loose formation, with considerable air spaces existing both 
in the medulla and cortex. B represents the internal 
structure of the fibre whose external surface is given at A. 
Probably this extreme variation from the normal typo may 
have arisen from the shrinking up of the loosely, packed 
cells in the cortical part, which by their attachment to the 
epidermal layer, which seems to he thinner than is usual in 
hairs of this diameter, have drawn them inwards, and thus 
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formed corrugations at the intervals between successive 
bundles of the elongated cells. 

The second class of fibres (/>) have a very close resembjance 
to those of alpaca *nd mohair, but they are usually softer 
and more pliant, with less lustre and a greater tendency 
to variation in the foiination of individual scales in the 
cuticular layer. One of these hbres, taken from a lo^ of 
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Fin. 20.—Wonl-like Filiws of Pac|)ai^iiau Sheep, x 120 Ohuiieters. 

A. CoarHC llltro like alimca. H. Fine libre like coari*e wool. 

Ikilh seen l.iy rclleeled tiKht. 

Facpathiaii wool, is given at A, Fig. 20, and cannot be 
distinguished from a fibre of alpaca, such as that given in 
Fig. 57, except by its association with other fibres which 
never occur in the fleece of the alpaca-goat. Other fibres, 
however, approach very closely to the appearance of true 
wool, but with a greater variation in the regularity of the 
individual scales than is usual in the more cultivated sheep. 
B is an illustration of one of these fibres taken also from a 




Pacjxithian fleece, which may be compared with tlie French 
Merino fibres given in Fig. 71. Among the.se fibres wc 
also police the fir.st indication of a surface formation, which 
is a very common variation from the typical fomi in the 
more cultivated wools. This consists in a tendency to 
form rings of scides, in which we have a single scale con¬ 
tinuous round the whple circumference of the fibre, similar 



Fi‘i. 21.—Kiliren lakon i'nniiii ;in<l an Aff'Ji.aii Rlii-ep. 

X 120 cliatTK'teiN, ^ 

A. RiiiK-walftd lihro fivnii a riK-pHtliiaii 0. iin<lcr;'r()\vLh from 

Nlii-ep. Ali'liiiii shi'i-p. * 

IJotli soi'ii with rt'M.'cpxl 

to those characteristic of Chinese wool given in Fig. 59, 
and in the Indian wool, Fig. GO, except that the free margin 
of the scales are not so marked or the scales so solid and 
liorny, while the attacliment of the epidermal scale* to the 
cortical part is more continuous. Such a fibre is given at 
A in Fig. 21, taken from a Paepathian fieece. 

The third class of fibres (e) arc those of true wool, and- ^ 
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possess a.11 its highest characteristics. They are always 
much shorter than the othei's, and form an undergrowth of 
fine fibres which rill in the spaces between the coarscrjiairs, 
and in many easel are as fine and delicate in structure, 
with as great a tendency to curl, as the most beautiful fibres 
taken from the fleeces of the most cultivated sheep. , 

The illustration B represents a jibre ilrawn from the 
fleece of an Afghan sheep (Om cagw). Tlic specimen of 
wool from this sheep was a most extraordinary mixture of 
the very coarsest hair and fibre with the very finest wool, 
so much so that it almost seemed impossible that suclr 
diverse fibres could grow at ajjy rate on the same poition 
of the skin. Most of the coarse hairs resembled B in Fig. 
18, and were deeply coloured by dark, black, brown, and 
yellow pigment, and posse.ssed a hard, h®rny structure. 
The fine fibres wore perfectly colourless and transparent, 
and closely resembled the wool of the English Southdown 
(Fig. 65) or the Australian Botany Merino (Fig. 75). Excej)t 
that there was a gitater variation in the structure of the 
scales in many of the individual fibres than is usually 
noticed in the most cultivated wools, they could hardly be 
distinguished from them. When wc come to look at the 
wool of the more cultivated Hiccs of sheep, such as the 
common domestic sheep {Otis rus(lnis), wo find much less 
variation in the individual fibres than is usual in the less 
cultivated races, but the diflcrcnce in structure between 
one fibre and another is nevertheless frequently very 
marked. 

If we examine a number of fibres from a Lincoln sheep, 
there is in the finer fibres a close resemblance to those 
which are found in all the long-woolled breeds, but along 
with these there are fibres which are distinctive of the 
Lincoln breed alone. In the latter there occur more or 
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less rounded scales along with the usual serrated ones, 
as though there was a tendency to revert to the more 
distinct form of scales which are seen on some of the coarser 
hairs, such as given at A, Fig. 18, froift a Cheviot sheep, 
or the alpaca-like fibre given at A in Fig. 20. Many 
parts of this fibre bear a distinct resemblance to the 
Lincoln fibre given, ^except that the scales are not so 
distinctly marked nor so freely imbricated at the margins, 
and at irregular intervals this imbrication entirely ceases, 
and we have smooth rounded edges taking their place. 
Wiien looking at the second class of fibres found in the 
coarse Asiatic wools, we noticed a fonnation represented 
at A in Fig. 21 where the scales lo.sc their foliated 
character and tend to form continuous rings. This 
peculiarity' in4he formation and attachment of the cuti- 
cular scales is frequently found amongst the fibres of the 
more cultivated wools. 

It is indeed of very frequent occurrence in most of the 
long-woollcd breeds, such as the Liftcoln, and may be 
seen at A and B, Fig. .'>1, which represents the appearance 
of a fine fibre taken from a fine Lincoln wether fleece. 
Where this formation obklins, the scales are always more 
horny in their substiince tbtin those of the fibres possessing 
the normal structure which are associated with them. Tn 
many cases these fibres are found in clusters in the lock of 
wool, as though a special area of the skin possessed the 
power of producing them; but they are also frequently 
found separately, and sometimes only parts even of the 
same fibre exhibit this peculiarity. They are also usually 
confined to certain parts of the animal, and occur specially 
at those parts where the wool tails off into short hair, 
as at the junction of wool and hair on the face and 
limbs. 



Kemps— At A, Fig. 22, is seen a fibre which displays 
J>oth the characteristic scales of the true wool and the larger 
and more ring-like formations. This was sketched ffom a 
fibre taken from % Lincoln sheep. In this fibre it will 
be noticed that one of the ring-like scales is of great 
length when compared with the diameter of the i^bre 
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Fh;. 22.— l.iiicolii Wool Fibrt^iiul Loii^itudinal Si'Clioii. 

X 120 (liaiiieU-rs. 

•. Fiblt* set'll liy n'Hected sliowiii;} lar;;t' liii;; scale. 

IJ. Sniiic llbru seen t>y tninsniitted sliowiiii; (liscoiitiiiiuuice of iiic<]ii]|ii. 


or the relative length of the other scales above anti below. 
When this fibre was c.'camined with transmitted light, so 
as to render its internal structure visible, a peculiarity 
was nnticed which is of very great importance from an 
industrial or technical point of view. At that part of 
the fibre where the surface was covered by a large smooth 
scale, the internal structure exhibits no sign of any definite 




cells, either in the medullary or cortical parts. Up to the 
extremity of the imbricated and wool-like scales indications 
of c^-ll structure are visible, both in the cortical and 
medullary parts, but beyond that pbint they cease to 
exist in either, and the whole fibre assumes an ivory-like 
deijsity. This change in structure does not occur all at 
once, but seems to cpmmwice in the central part of the 
fibre, and gradually to extend outwards until it constitutes 
the formation of the whole fibre. This will be seen at 
f) in Fig. 22, which exhibits a .section of the same fibre. 
Beyond the point to which the ring-liko scale extends, 
this solid structure again tails oif, and the fibre assumes 
its usual appearance. This peculiarity is not of very great 
importance when the area over which it extends is small, 
but when' it becomes the general characteristic of the 
fibre it introduces serious difficulties in the way of the 
manufacturer, because the solid portion of the fibre 
ceases to be elastic and pliable, and easily breaks when 
subjected to flexure. In addition to Chis, all these fibres 
resist, or are incapable of, that felting action which is so 
important a feature in the true wool, and which depends 
upon the facility with which the .scales of the one lil)re 
interlock into those of dthers when in juxtaposition. 
Those solid fibres also resist the entrance of all dyeing 
or colouring matter into their interior, and will only 
receive a surface colouring, which is readily removed by 
cither chemical or mechanical meiins In some cases 
the outer continuity of tlie scales is not accom{»anied 
by a change of internal structure, and when examined by 
transmitted light the cortical and even medullar^ cells 
are distinctly visible. Such fibres are usually known as 
oval kemps, because they generally possess an oval section 
in which the major axis is very large in comparison with 



the minor axis. In this case the fibres will receive the 
dye, but will not felt. 

True keinpy fibres are always most numerous in, the 
fleeces of wild and tincultivatcd sheep, but they also occur 
in those of the most cultivated races. In the former case 
they are generally distributed throughout the whole of tfie 
Hecce, but in the latter they arefusuajly confine<l to certain 
localities, as already mcntioiicd, and are almost certain 
indications of want of truene.ss in the breed of the sheep. 
These kempy fibres are in most cases larger in diameter 
and shorter in length than the wool fibres with whicli 
they arc associutc<l. They are coarse and brittle, exhibit¬ 
ing no internal structure, and oftentimes, w’hen examined 
with a low power, sliow longitudinal markings M’hich seem 
to indicate tliey were formed by the coalesciiice Of several 
hairs, in the same way as in the formation of the nails 
of the hand. Fig. 23 rc])resent8 at A the surface of a 
coarse Hat kemp taken from a Highland slicep, and at 
B a transverse section 

In the fibres taken from the lleeces of middle-classed 
wools, such as the Soutiidown and half-bred sheep, there 
is considerable uniformity in the general structure of 
the fibres and the surf.acc cctifiguration of the scales, 
but with frequent indications in many of the fibres of 
a return or reversion to the typical fibres of the original 
stocks out of which these artificial races have been 
produced. A an<l B, Fig. 24, arc illustrations of two fibres 
tfikcn from the same lock of avooI drawn from a Leicester- 
Botany Heece. The first exhibits all the cliaracteristic 
featured of the fibres found in a pure Leicester sheep, 
and the latter closely resembles the pure Australian 
Merino fibres as shown in Fig. 73. These two fibres must, 
from their position in the lock of wool from which they 
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were taken, have been generated in foJlicles which were em¬ 
bedded side by side in the skin. They may be compared 
witl\,Fig. 62, which represents the fibres of Leicester wool, 
and 69, which is taken from pure American Vermont Merino.'" 
. In the perfectly pure races of sheep, such as the best 
Ki;glish.Southdowns, or the Spanish, French, German, and 
AustraliatokMfifinos, .in whicli we find the greatest perfec- 
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t’lG. —Flat Kuiii|) from (yij'lilainl Sla-ep. x Ih iliaiiietei.s. 

A. Slidwiiijr loiitfitiKliiml iiiiu'kitiys, * 

IJ. Hcctiyii '<lio\V!ii}i aapenniiio; oroonl'-si'i’iii'col'tlu'iT libir.s. 

tioii of the Heece ami fihre in all the most desirable 
characteristics of wool, and where every care and attention 
has been paid to the health and comfort of the sheep, 
we also find the least tendency to any variation in the * 
individiml fibres. Even hero, however, there are some¬ 
times found differences in the structure of fibres which 
have grown in close Contiguity with each other. This 
difference can only be explained by considering some 
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the arrangements of the epidermal scales as uiuloubted 
cases of reversion to the typo of fibre characteristic of 
the original stock from which these varieties wei-e obtained 
in the remote ]»as(» .Several of these more impoi’Umt 
variations are given in Figs. 24 and 25. These fibres are 
all sketched from jaire Australian Merino fibres. A in 



Kl(i. 24.—Filirc.; <jl Ia-utsIvi !5<itaiiy Woni. •; 120 

Sr Kil.1T >.lic)winK I'liiinu tei ’f v ^lock. 

II. Filjir sliowinj; cliai'actcr ol M''J ilu) 

Uotli socii uitli ifOcctiMl Iliilif. 


Fig. 25 shows a fil.ro where ihc arrangement of the 
epidermal scales in the upper and lower part closely 
resembles that exhibited in the Cheviot fibres given at 
A in Fig. 18, while the central portion i.s covered with 
scales which arc similar to those on the Fiicpathian fibre, 
given at B in Fig. 17. The tibre given at B, Fig. 25, 
closely resembles the fibre A, Fig. 22, taken from a 
Lincoln sheep, in which the same ring-like scales appear 
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at intervals. C shows a keinpy development, similar 
to B in Fig. 22, which, however, in the finest Merino 
W09I is very rare, with short intervals in which the 
true wool appears. As a rule, when hemps occur in the 
Merinos, the whole filwe jxirtakes of this character, and 
tlic fibres are oval in section with a clear transparent 



Fie. 25.—FiKi'cs of pure Ajjstraliaii Merino, x 120 diunu'lers. 

A. Film- WiUi riniiiil>'(t aiMl liiiic'i'olap^ Hi'iUfs, H. l-'jljre willi rinn-?' itcs. 

C. Kibrt! willi lunj; eoiilimious rinj; scultts. 

structure. In some of these kempy fibres the usual curled 
or waved character of the ti ue wool is replaced by a twisting 
of the whole fibre round its axis, so as to give the appear¬ 
ance of a corkscrew with a comparatively wide pitch, or 
like the twist in a fibre of cotton. 

There is often also, even in cultured sheep and under 
certain conditions, a tendency to form abnormal fibres in 
the fleece, which may affect its use for manufacturing 
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puiposcs, either by interfering with its evenness, and so, 
by causing a change in its mechanical structure at certain 
points, making it weaker, or, l)y enlarging the diameter and 
increasing the volume of the cortical substance in this 
part of the tibre, so that it will not receive the same 
twist in the spinning or absorb the same rjuantity of dye¬ 
stuff, causing irregularity in th^ yarn and nnevennes.* in 
the dye. * 

On this ])oint Professor APMurtric of the Illinois 
Industrial University, in Ids report to the Commissioner 
of Agriculture (l)ept. of Agriculture, Washington, 1886), 
remarks as follows; 

“It is the result of two causes, the one atropliy of the 
fibre at certain jiarfs, the other hyj)crtro])hy. In some 
cases we find a sudden contraction id the fij^re^it cerUiin 
parts (atrophy), and this is often suflieiviit to give a iiotclied 
edge to the fibre. In other case.s the contraction is more 
gradual, the progressive dimiimtinn iti the diameter of tl»e 
fibre extending over a considerable hmgth. ’ 

Tins will be clearly seen in Fig. 26, where in fibres 
A and C the sudden transition is di.stiuctly .seen giving the 
notched appearance, and at B and D the gradual change 
continuing throughout a con.-^%lerable portion of their 
lengtfi. These fibres are from an Oxford Down sheep. 

In the erilargcmont (hyi'crlropliy) such .sharp variations 
do not occur, althougli they arc generally found in the 
same fleece, and the fibres usually j)resent a distinct vai iation 
from the normal fibres by eitlicr having tliis thickeidtig in 
varying succession in the length of the fibre, or may have 
this variation, when once occurriitg, extending afterwards 
throughout the whole length of the fibre. 

Fig. 27, also taken from an Oxford Down sheep, shows 
this peculiarity very distinctly in all the three fibres A, B, 



100 WOOL FIffRE . CHAP. 

and C> most marked, however, in C. It will »also be noticed 
that when this thickening occurs, as in C, the scales depart 
froip the imbricated ring shape in the fibre A, which 
is characteristic of the Southdown * sheep, and tend to 
assume the larger and more rhombic form of scale which 
is, characteristic of the long-woolled sheep, such as the 



Fie. *26.—Kilircs of Oxford l)own Wool, x I.'jO tUaiiieters. 

A. fitulC. FiliiTK Hliowjn^; nipM Hti'opliy with iiytdi. ^ 

J{. and 1). Kibrus shuwinx Kradital iitni|>hy. 

Lincoln and Leicester. This is specially noticeable in the 
upper part of the fibre C. 

Even in the still fine)' breeds of sheep, such as the 
carefully tended and nurtured Merino sheep, this frequently 
occurs, and has most importance and greater intiaence on. 
the value of the fleece. It seems to pert^iin, not generally 
in the whole flock under the same conditions, but to 
certain individuals, and these sheep should be carefully 
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weeded out; but their occurrence is fortunately rare in 
the best stud flocks. It is more frequent in the fleece 
of the ewes, and especially those which arc constitutioijally 
weak or nervous, rSther than in the rams, and there can 



Fio. ”27.—Fibres of Oxford Down Wool, x 200 <li.aiiieters. 

« 

A. Fibre sliowin^ uradiial liyiferlrijitliy. 

H. Fibre .thowitix less puiliial hy]wrtr()i>lty. 

^ C, Fibre siiuwinj,' nipid Jiyperlropliy. 

be little doubt that want of nutrition, exposure; or 
impaired health are contributory causes, 

A fevered condition of the system tends to disturli the 
normal exercise of the functions of the organism, and 
speciallj* such delicate parts as the appendages of the skin, 
and by the relaxation of the nervous tension result in 
atrophy or its contrary. If the Bbres of breeding ewes 
are examined, there is in many instances indication more 
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or less marked of these variations being almost always 
present, because at this time the action of the organs 
connected with the generative function is not normal. 

Fig. 28 shows four fibres taken fr6'm tlie coarse.st part 
of the fleece of a Merino ewe, whicli illustrates this tendency 
U' vary periodically, very marked in the flbre C. A shows 
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Fid. 28.—Fi'iO'S of Wool fnmi Merino Kwe. x :'l75 ilianiel 4 '*‘s. 

A. ami f. Fibr-'s shtTwiii:.' .'oehial hyi>erlroiiliy. , 

H. Fibre sli.,wiii_' iilroiiby. 

1'. Fibre showini; ;;r;i<Uii»l byi'('rtio]itiy, >vith bibiilar setiles. 

the greatest vaiiation, although 11 and 11 arc equally 
instructive. 

At any rate, there is sufficient evidence to indicate that 
when animals are well fed and eared for, and tthen the 
health of the flock lias been uniformly good, these variations 
reach a niinimniu. Professor M'Murtric gives the follow¬ 
ing instance; “ A prominent breeder of Merino sheep 
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submitted a sample of iiis wool to determine its fineness. 
By the system of measurement followed we found that, 
the fibres were finer at a certain part or point in their 
development than af, others, and by simple calculation it 
was easy U> determine at what part of the season the 
finer portions of tlio staple were develoiicd. He sUvted 
that at that season the animal must have been in ill-hefflfl), 



29.—Kitros I'wm ii Litiaihi Kwc. s; :i00 
Shuwiii;; atnipliy n#i lijiHTtvnpliy. 

and this *was found to ))e the ease by reference to the 
record of the different individuals diirini; the year.” 

Tliis is also clearly marked in (!ven the large long-woolled 
•sheep, and Fig. 29, which exliibits three lihre.s taken from 
a Lincoln ewe, can he compare<i with the three preceding. 
Figs. 2£, 27, and 28. 

These variations from the normal structure of w(X)l and 
other allied fdmes might be very much increased if we 
include those which are evidently the result of malforma- 
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tions arising from the various diseases to which sheep are 
subject, or to tho existence of more than one fibre within 
the same follicle, which frequently produces fibres of 
singular configuration, but those which have already been 
named and figured show the principal variations which are 
presented in the fibres under ordinary conditions. 

' it is singular that most of these variations, indeed all 
of them, are formed in the fibres from the same sheep* 
in the various races which inhabit Central Asia; while 
in most of the sheep inhabiting other parts of the world 
the usual variations from the normal types arc less ■ 
■distinctive in character, and confined within narrower 
limits. This seems to point to the mountainous regions 
of Central Asia as the district from which the present 
domestic she^ has spread over the other countries of the 
world. If the study of these variations w’ill throw any 
light on the cause which produces them, and thus enable 
those who are engaged in the culture of the sheep to 
secure still greater uniformity in the character of the 
fleece, it will undoubtedly render great service to those 
who require to use wool for the higher branches of textile 
manufacture. 
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mSTOKV, CiLASSlFICATION, AND VAKIETIJ'S 
OF SIIEKF AND fiOATM 

HaIJI and wool IjeiTig appendages of the sHn of the higher 
vertehratcs, it is necessary to lotjk at the jjjnn'acter and 
peculiarities of these animals, since their Jiatnre, habits, and 
environment largely influence the structure of their pelt or 
fleece. The division of the animal kingilom which yields 
the true wool, and thwnost serviceable hair for inannfactnring 
pnritoscs, is the natural onler liiiminantia, so cfdled because 
they all ruminate or chew the end; and in this class are 
ineludetl goats, sheep, and camels. 

The typical wool is pi-odiAed by the sheep, and its 
present state of perfection is due to the unremitting 
attention which has been paid to its cultivation so as to 
produce the highest and best characteristics of which it is 
capable. 

History.— The ancestorsof the sheep,likeallthedoracstic 
animals, and indeed of all the present race of animals living 
on the earth, are lost in the obscurity of the past. 

Tong before the dawn of authentic history, and when 
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those of the fiercer animals which he captured by pit-falls or 
in the chase. 

These sheep, already domesticated, doubtless supplied 
man with wool for clothing, and, whont'unsuccessful in the 
chase, with meat for food, and ewes’ milk was, even at that 
time, probably an article of diet. As the habits of man 
became more settled, his principal wealth consisted of flocks 
and herds, for, in the oldest record, mankind were evidently 
divided roughly into the two great classes founded upon 
their occupations, shepherds and agriculturists; and hence 
we read in the Scriptures that “ Abel was a keeper of sbeep, 
but Cain was a tiller of the ground.” Even at this early 
date the care and attention bestowcil upon the sheep would 
improve its useful qualities in a marked degree, and render 
it increasir^’ji^serviceable to man in a variety of ways. 

The existence of a race of wild animals, both in Asia, 
Europe, Africa, and America, wliich possess a similar 
affinity to the sheep that a wolf does to a dog, has led 
some naturalists to suppose that the}* may have been the 
original stock from which the donie.stic sheep has been 
obtained by cultivation and breeding; )>ut the probability 
seems to be much higher that these wild animals, along with 
the domestic sheep, may have had in the remote jMist a 
common ancestor, from which they iiave diverged during 
the course of ages. 

The natural division in the zoological scale to which the 
sheep belong constitutes the fifth family of the natural 
order Kuminantia. This family is called the Bovida;, from 
the Latin an ox, because it includes within it the 
various species of animals which we usually term cattle, 
and also the antelopes, besides goats and sheep. The 
goats and sheep form the second group of this family, and 
are easily distinguished from Ciich other by their appearance 
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as well as by their structural differences. Botli the sheep 
and goats are furnished with horns, which arc compresse4l, 
usually angulated, rugose, and turned more or less back¬ 
wards, and somctinfcs twisted into a close spiral. Except 
in some of the domesticated varieties, both sexes are 
furnished with liorn.s, but those of the female are much 
smaller than the male, whose horns sometimes reach fery 
large dimensions. Wlien in the wild state all these animals 
associate in flocks, and inhabit the mountainous districts of 
every (piartcr of the glolie. The goats, as a rule, prefer 
the highest ground, and are more hardy than the sheep, 
while the latter {)refer to remain in tlie richer pastures in 
the bottom of the valleys, or on the jilain.s at the base of 
the mountain. 

The Goats (Caprida-) arc disiinguishcil Jpy-J>aving the 
horns simply recurved, and by the toud absence of the 
lachrymal sinuses and glands between the hoofs. The 
males arc always furnished with a bean! beneath the chin. 
The habits of all th» goats in all parts of the world arc the 
same. The external covering of the goat consists of long 
hair, which differs in thickness and length on different 
parts of the body, and which varies in rpiality and fineness 
in difterent species, and during*different periods of the year. 
The coat is thick and solid, and consists of two different 
classes of hair; the outer coat being much longer and 
thicker, while the undergrowth consists of a kind of woolly 
hair, which has a greater teiKbu’cy to curl and mat toget.her. 
Like the sheep, the quality of the hair can be greatly 
improved by breeding and cultivation, and can be inade to 
grow leng, fine, and silky, until it forms a beautiful mateiial 
for textile fabrics. No cultivation, however, can prevent 
the growth of the outer hair, as in the case of tlie sheep, or 
change the undergrowth of fine hair into true wool. 
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The Aoudad.— Intciinediatc l)etween the goat and thie 
sheep is the Aoudad {Avmiotragus iragelaphus), a remarkable 
sheep-like creature, which is found in the mountain ranges 
of North Africa, ranging from Ahyssini v to Barbary. It is 
of a reddish-brown colour, and has a strange-looking 
appearance, occasioned by a large quantity of long hair 
wlifch hangs down from the front of the neck and the base 
of the'forc-iegs. Like the goat, it has no lachrymal sinuses, 
but it possesses a gland between the hoof in common with 
the sheep. 

Sheep. —The true sheep (Ovidaj) are distinguished 
structurally from the goats by the possession of both 
lachrymal sinuses and glands between the hoofs, which 
produce a fatty secretion. Their horns are also, unlike the 
goat, freqimntjy twisted into a spiral. The forehead or 
outline of the face is convex. There is no lachrymal or 
respiratory opening under the eye, and the nostrils are 
lengthened, and terminate without u muzzle. The l)eard, 
which is so conspicuous in the goat, is v'aiiting in the sheep. 
The covering of the body is long and woolly, with an 
undergrowth of finer wool. In the wild state the longer 
wool is mixed with hair like that of the goat; but, unlike 
the goat, by cultivation and^^domestication this hair can be 
entirely done away with or bred out, and the w'hole , 
covering of the skin made to consist of true wool-only. 
Even in its most cultivated state, however, there are 
occasional hairs of a coarse and solid character appear 
amongst the wool, especially about the neck and base of the - 
legs, which are often the source of annoyance in the' 
manufacture and dyeing of wool. 

Feu' creatures seems to be capable of greater variety 
than tjie sheep, and, in coiisequence of this arid our 
ignorance of its origin, it is a matter of very great diffictllty 
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to classify the various diflevont forms which it has assumed 
under differoiit conditions. Some naturalists suppose that 
there are only three 

(1) The Om a^mon or argali, which is the wild 

sheep of Asia and America. 

(2) The Om nmimoii or moufflon, which is found in 

Southern Europe and tl\,e north of Africa. 

(3) The Oris (tries or don\estic sheep, which abounds 

in Europe, and jiotably in England. 

The O'm nmldiM or Hig Horn, wliich is found in the 
Rocky Mountains of America, is considered by this division 
to be the same as the argali, and is frcipicntly called the 
American argali. 

Other naturalists make a wider division, and regard 
what under this classification arc considcruii^ be sub¬ 
varieties as distinct varieties. Professor Archer regards 
the class Ovis fi'om an industrial point of view, and as 
having relation only to timse sheep which arc domesticated 
or useful to man, an consisting of thirty-two varieties, of 
which four are inhabitants of Europe, fifteen of Asia, 
eleven of Africa, and two of America. This classification is 
as follows 
fl. Euuopk. 

1. The Spanish sheep or Mciino sheep {Oris 

Hi-<p(unaisis). 

2. The common sheep {Ovis nisthis). 

3. The Cretan sheep drepskms). 

4. The Crimean sheep {Oik hiif/imiddiis). 

II. Asia.. 

If Hooniah, or black-faced sheep of Tibet. 

2. Cago, or tame sheep of Cabul {Oils cnfjk) 

3. Nepal sheep (Orti selwjia). 

4. Curumbar, or Mysore sheep. 
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T). Garar, or Indian sheep. 

6. Dukliiui, or Deccan sheep. 

7. Morvant do la Chine, or Chinese sheep. 

8. Shaymbliai*, or Mysore sheep. 

9. Broad-tailed sheep (Om lafkaiuhitii.s). 

10. Many-horned sheep {Ovis ■iiolyccrafnn). 

* 11. The Pucha, or llindostun Dumha sheep. 

Jli\ I'he Tartary shcej). 

13. The Javanese sheep. 

14. The Barwall sheep {Ovls Ihinml). 
la. Short-tailed sheep of Northern Iviissia. 

in. Afr1(!A. 

1. Sniooth-liaired sheep {Ovi^ KfJiiopini.-^). 

2. African sheep {Ori.-i 

3. Guiiica shecji {Oris miiiimn (Juinrnsh). 

1, ^eylan sheep. 

5. Fezzan sheej). 

G. Congo sheep {Oris ciies Cfiii'icusis). 

7. Angola sheep {<h'is mirs AinjUaisis). 

8. Yenu, or Goitred slice}) (Oris arks sfcafiimrins). 

9. Madagascar sheep. 

10. Bearded shecj) of \Vcst Africa. 

11. }s\ovo(^co [Oris arks NiiiiiUHor). t, 

IV. America. 

1. AVest Indian sheep found in Jamaica. 

2. Brazilian sheep. 

Extensive as this elassilication ajipears, there is rc;ison 
to suppose that many of the sub-varieties which are known 
to exist as the result of the intermixture of these«variouB 
kinds of sheep, possess characteristics which, if we did not 
know their origin, would almost entitle them to be 
considered as separate varieties. It is also probable that 
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many of the.sc may be tlie’ result of intermixture and 
subsequent variation on account of locality and pasture. 
This will appear all the more reasonable when it is scon 
that there are no lois tlian thirty-one sub-varieties known 
of the common sheej), some of which dilTcr from each other 
quite as much as many which are rcgaidcd as distinct 
varieties. Some authorities are of opinion that there*a*rc 
only two varieties of sheep, tltc long and the short-w^ollcd, 
and that all the others have been obtained l)y crossing and 
variation jiroduced l)y climate and pastuiage. 

The very wide area over which the domestic sheep is 
found, the general characteristics which all the varieties 
possess, and the haltits whicli arc so similar, seem to 
indicate that it was one of the very earliest of all the 
domcsticatc<l aniinalf; an<i although we can j^jj^ibly never 
settle the question as to whut was the exact character of 
the original creature from which it was first derived, we 
can form probably a pretty close approximation by looking 
at the two wild varkitics whicli are still found in the four 
quarters of the globe. 

The Argali inhabits the mountains and elevated plains 
of Central Asia, which stretch from the Caucasus, northward 
and eastward, to Kamtchatka^anil the ocean. They are 
usuatly found in small Hocks, pasturing in the higher valleys 
and mountains during the summer months, and descending 
into the lower valleys and jilaiiis duiing the winter, so as 
to avoid the inclemency of the weather and .scarcity of food 
on the higher lands. They arc agile and strong, but timid 
and shy, and in their habits very much resemble the 
domestic sheep. They are also easily tamed when taken 
young. Professor Low says; “The argali possesses 
all the genuine characteristics of the sheep, but is larger, 
being aomewbat less than the size of a stag. It has 
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e?iormous horns, measuring more than a foot in circum¬ 
ference at the base, and from 3 to 4 feet in length, 
triangularly rising from the summit of the head so as nearly 
to toucli at the root, ascending, stretching out laterally, 
and bending forwanl at the point. It has a fur of short 
hair, covering a coat of soft white wool. The colour of the 
fur' externally is brown, becoming brownish-grey in winter. 
There is a biifl-colonred streak along the back, and a large 
8|X)t of a lighter buff colour on the haunch, surrounding 
and including the tail. The female ditfors fi'om the male in 
being smallei-, in having the horns more slender and 
straight, and in the absence of tlie disc on the haunch. 
Botli sexes have a shortish tail, whitish eyela-shes, and the 
liair beneath the throat is longer than on the other iwrts of 
the body.’r..;_VVljen the argali is domesticated and removed 
from its wild habitat, the <|UHutity of hair on the body 
diminishes and the (puintity of wool increases. 

The Rocky Mountain Sheep, or argali of the 

American continent, closely resembles the Asiatic variety, 
but it is rather larger and stronger. It inhabits all the 
lofty mountain chains of North America, and moves in 
largo flocks from tlie mountain fastncsse.s into the valleys 
and vice rerscu with the changing seasons of the year. Its 
range extends withiy the temperate zone to the borj||i‘s of 
the Arctic circle, and is described by some Spanish writers' 
undei' the name of the Californian sheep. 

The Musmon.—The Kuropean and African variety is 
known as the Maniim. In Kurope it still abounds in some 
df the islands of the Cl reek Archipelago, such as Crete arid, 
Cyprus; and its range cxtc?ids Ihrougli C orsica and 
Sardinia into the monnUiins of Murcia, in Spain, in which 
country it once abounded. The musmon is smaller than 
the argali, and although the male has a formidable pair 
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of horns, nearly '2 feet in length, very thick, ainl ditlering 
from tlie horns of tlic argali liy turning inward instead 
of outward at the points, in the female the Inu'iis arc 
frequently wanting •iltogether. The body is covered .with 
a hairy, brownish fur, beneath which is a short, tine, grey- 
coloured wool, which covers all the body. 'When,the 
mnsmon is captured and ke[)t in a st;ite of confinement it» 
has all the habits of the domestic shec[>, with which it is 
capable of breeding, ami the oflspriiig is also fruitful. 
Whether or nob our domestic sheep is derived from any 
of these wild shceplike creatures, there is no doubt but that 
its domestication first occurred in Asia, ami from thence 
was introduced into Europe with advancing civilisation, 
and its introduction war; always accompanied by a great 
increase in the comfort and wealth of the owners, In 
Kuropc it appears first to have Uco brought into Greece, 
where, as is recorded by its early poets and historians, it 
was highly prized. Its introduction is probably enshrined 
in the legeml of^hc e.xpedition of the Argonauts in search 
of the golden tieecc. After the foundation of Rome it was 
probably bi’onght into Italy by the Grecian colonists, and ' 
from thence it spread with the advance of Roman civilisa¬ 
tion into Spain, Gaul, an^ Britain. 

Although the wild sheep possess considerable interest, 
as exhibiting the probable original condition of the 
creature, undoubtedly our greatest interest lies in the 
domestic varieties, and in the sub-varieties which have 
been produced artificially by the mixture of races under 
cultivation. It is in these classes that we find the wool- 
bearing# qualities of the sheep brought into the greatest' 
perfection, and therefore rendered of the greatest use in • 
the textile aits. Thus, while all the wild forms of sheep- 
exhibit a great similarity in the structure of the hair, and 

« I 
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in the mixtnro of true wool along with it, it is only when 
we come to the most thoroughly domesticated <and cultured 
sheep that we find the entire disappearance of the coarse 
hair, and its replacement by a pure ai.d perfect wool,—a 
wool in which all the best and most desirable qualities as 
a textile raw material arc found blended together. Nothing 
rcan show this difference more strikingly than a comparison 
between tiio coarse, hairy covering of the argali or the 
musmon and one of the fine Saxony Merino, or one of the 
Australian Botany sheep with its silk-like pure wool. As 
we have already stated, the sheep is found in every part 
of the globe; and in looking shortly at the principal 
varieties, especially of the domestic sheep, it will be better 
to adhere to the geographical divisions, beginning with the 
sheep of— 


I. EUKOPE, 

and taking as a starting-point tho.se which nre found in our 
own islands. 

tillKEl' OP’ THE U.NITEIJ KiNODOM 
In reviewing the various classes 0 i domestic sheep, it seems 
best that wo should commence with those which exist iit the 
United Kingdom; and all the more so because until a com¬ 
paratively recent date these English wools formed the staple 
article of consumption in the Bradford trade. As wo might 
naturally expect, the great variety of mountain and plain, 
valley and marsh, as well as the detached islands off the coast 
of Scotland, exhibit a great variety in the characteristics of 
the sheep, and it is very difficult to make any exact 
classification of them all. The crossing of the various 
breeds has introduced many sub - varieties, and their 
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character has also heeii much changed by the method of 
feeding adopted, by wliich it has been intended to improve 

• the flesh as an article of diet as well as to improve the 
wool. The fornici* of these considerations has, always 
been a groat point witli English farmers, because the large 
manufacturing centres have formed one of the best marjtets 
in the world for butchcre’ meat, and hence, in many cases, 
there has been a willing sacrifice of those proiiertics which 
might have tended to increase the quality of the wool in 
the endeavour to produce large and heavy sheep, and those 
wliich woiilil fatten with the greatest rapidity,—the wool¬ 
bearing qualities being looked upon as almost subordinate. 
It will of course be quite impossible to give more than 
a very cursory account of the various breeds of sheep. 
The very great variety also which are found even within 
the limits of the United Kingdom jiresents another 
difficulty, and renders it quite impossible to do more 
than merely glance at the typical ones. The easy means 
of coramunicatiim with diflerent parts of the kingdom, 
and the desire for improvement, which has led to a 
large transfeicnce of stock from one part to another, 
have rendered classilication either in regard to race or 
distribution extremely difficult. .Several methods of 

classification have been suggested, hut the a'uthoi has 
adopted that suggested by Prof. Low in his work on the 
Breeds of Sheep and Cattle, an<l extended by Mr. \V. C, 
Spooner, in monograph of the History, Structure, etc., of 
the Sheep,* to which ho must refer those who wish for 
farther information than is given here. Also to an 
excellentnvork by Professor Wrightson.' 

^ Tilt ^icep, W. C. Spooner, M.R.V.C., Crosby, Jjockwood & Co., 

%\m. 

* Sheep, Jo]iu Wriylilson, iI.K.A.C., Vinton & Oo., London, 1905. 
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Wc may, therefore, consider a classification of the slieejj 
of the United Kingdom to be generally made as follows :—, 

l.'The wilder and most pi'iniitiv^^ breeds. 

11. The forest and mountain breeds. 

^lir. The ancient upland bieeds. 

^IV. The long-woolled breeds. 

1. As Ve might naturally cxj>eet, the wilder and more 
primitive breeds of sheep arc found in the most loniote 
parts of the kingdom, where communication is difficult, ami 
where imi)rovoments arc likely to he most slowly adopted. 

Highland Sheep.—In the extreme north of Scotland, 
in the Orkney and Shethnid Islands, and the llebride.s, 
a race of sheep cxi.sts which seems to be allied to the 
Norwegian and Scandinavian race found on the opposite 
coast of Europe, wh(;hc(! it was probably derived. They 
are extremely huixly creatures, and more like a goat than a 
sheep in their appear-ance and habits. They have a short 
tail, and this distinguishing feature has earned their name, 
—“short-tailed shcej),”—by which they are known. Jn 
some of the islands they have been mixed in Ijrccd ; but, 
when pure, they are of various colours—black, brown, grey, 
white, and st)otted. The fleece consists of a mixture of 
Iiair and wool. 1'hc wool does not increase in length from 
year to year, but falls of! each year on the approach of 
summer, leaving the hair alone a.s a covering dni-ing the 
hot season. The fleece i.s not therefore sliorn, but plucked 
off the sheep, and is fine and soft; but, ns it contains only 
few serrations, is not well adapted for felting, but can bo 
spun into yarn, from which coarse garments are made. 
Attempts have been made to improve this breed, but the 
probability is that it will be superseded by some of the^ 
/nardier varieties of sheep already in existence, such as the 
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Cheviot. When the wool is (nil-grown it is very long, as 
will be seen in Fig. 30. 

Welsh Sheep.--!" the mountains of W’^alos tJiere are, 
according to Trof. Low, two difi'erent varieties of sheep, 
which are natural to the locality. . One, which he terms 
the sheep of the higher monntains, and tlic other the»*soft- 
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Radnor sheep, which is larger and heavier, with a better, 
fleece, but still retaining the black face and legs. The 
soft-woclled sheep are the distinguishing breed of Wales. 
They are small and active, with a white face, and furnish 
the wool from which.the famoius Welsh flannel is made. 
The^ flesh is firm and sweet, and much in request as an 
article o^ diet. The fleece always contains a certain 



mixture of hair, although less than in most mounhiin sheep, 
and this is pjutictilarly noticeable on the throat. This 
sheep is illustrated in Fig. .31. The richer and lower 
lands in Wales are now stocked with Cotswold, .Shropshire, 
Oxford Down, and Leicester sheep, or with *^oss-bred 
sheep derived from these varieties. 

» Irish Sheep. — The sheep of Ireland, like those of 
Wales and England, are of two distinct varieties,—those 
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which inhabit the mountains, and those which are found 
in the valleys. The mountain sheep arc found principally 
in the counties of Wicklow and Kerry. The fofmer are 
the most valuable, and closely i-escinblc the Welsh mountain 
sheep. They are wild little animals, without horns, and 
with white faces and legs. On the higher pasturage^ the 
wool is coarse and much jnixed with hair; but when • 
removed to better grazing-ground the wool becomes softer 
and longer, and the hair less, although it never entirely 
ilisappears, but is confined more particularly to the ridge 
of the back. When crossed with a better breed, such as 
the Southdown, considerable improvement has been effected, 
and as the lambs feed quickly, and are therefore soon 
ready for market, they are much esteemed by the farmers. 
The Kerry sheep arc larger than the Wicklow breed, but 
they lack many of the advantages which the latter possess, 
and neither as wool-bearers nor for food arc they so suitable 
at the same early age. The mutton, however, is good. 

The sheep which are found in the plains of Ireland are 
much larger than the mountain race.s. They are large, 
long-woolled animals, rc.sembling the native sheep of the 
midland counties of Englpnd. Within late years very great 
improvements have been introduced into them by crossing 
with other and more cultivated races imported from England. 
This has been abundantly seen in the improved quality 
and character of the wool which has been received in the 
English market. The Eoscomnion sheep closely resembles 
the Leicester breed with which it has been crossed. 

II. In looking at the breeds of mountain sheep which 
inhabit* England and Scotland, it becomes a matter of 
considerable difficulty to exactly distinguish between them, 
because they range over the whole of the kingdom- from 
the south to the extreme north, along the mountain range 
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and its offshoots which forms the backbone of England. 
In the south we have the Exmoor and Darhnom' sheep in 
Devonshire and Cornwall; the Mack-faced heath or moor 
sheep ill the higher ranges of Derliyshire, Lancashire, 
Yorkshire, Cumberland, and Westmoreland, until they 
meeV with the CheriM, which inhabits the mountains in 



Northumberland stud the south of Scotland. The Herdwicka 
are found in Cumberland and Westmoreland ; and jthe 
Penistom sheep inhabits the hills of Yorkshire, Lancashfre, 
and Derbyshire, in the immediate neighbourhood of fihc 
town of. Penistone. d’hore is also a cross breed with 'the 
black-faced sheep, which is larger than the Herdwick sh^ep, 
and is called the Lonk, which is found in Cumberla^nd, 
Westmoreland, Durham, and on the hill ranges of Yojrk- 
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,re and Lancashire, which is believed to be its original 
homo. This sheep is represented in Fig. 32, and is con¬ 
sidered by some as the l>est adapted for the hilly districts. 

The Exmoor And Dartmoor Sheep are small, with 
white faces and legs, and are well adapted by their hardy 
character for the poverty of j)asturc which is found m the 



Ki'i. DaHmoov Rain. 


higher lands of Ooimvall and Devon. The Kxmoor sheep 
are the smaller of the two, and the males have a slight 
heal'd nnder the chin not unlike a goat. They are wild 
and restless, and covered with soft wool. When crossed 
with Wie Leicester they are much improved in size, and 
when fattened the mutton finds a ready sale on account 
of its excellent quality. Fig, 33 shows a characteristic 
Dartmoor long-woolled ram. 
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The Black-faced Heath Sheep is larger and more 
robust tlian the Welsh mountain sheep, and in some of its 
characteystics resembles the sheep of Persia and Wallachia. 
Both the male and female have horns, which are very large, 
and spirally twisted in the male, but sometimes entirely 
wanCing in the female. The limbs are lengthy and 
•muscular, and the form is ro]>ust. The face and legs are 
black, thc*fleece being coarse and shaggj'^, and while the 
colour is sometimes black or grey there is no tendency 
to ^brown or russet, and in this resi>ect these sheep <lifler 
from all the other mountain breeds. The wool is of a 
medium length, and the fleece when washed weighs about 
3 to 4 Ihs., and is never heavy on the body. The character 
of the wool also is such that it can only he used for the 
coai'ser class of yarns, such as those emjdoyed in the 
manufacture of carpets. • The most serious defect, however, 
is the frequent occurrence of “ kemps in the wool. These 
are wiry hairs without any serrations on them, and arc 
entirely destitute of the felting properties iftcessary to give 
them a good sinnning quality; and what is worse, they 
resist all reagents in dyeing, as they seem to possess no 
open cells into which the dye can penetrate. These sheep 
do not appear to amalgamate readily with other races jJ)Ut 
by cultivation and selection of suitjihle sire and dam con¬ 
siderable improvements have been ma<lo in their properties. 
Crossed with Cheviot, Leicester, and Southdowns, several 
sub-varieties have been produced which are a marked 
improvement on the old stock, both for food and wool¬ 
bearing qualities. The great hardiness of the race, and 
its fitness for enduring the hardships and e^fposure 
^necessary to the heath-covered hills in winter,—the scanty 
food upon which it can live, and the little attention which 
it requires, render it one of the most extensively cultivated 
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of the English sheep. It even supplants the Cheviots on the 
higher grounds in the border counties on account of its 
great hardiness. ^ - 

The Cheviot slieep is one of the most valuable breeds 
in the kingdom, and takes the place of the black-faced 
heath sheep in tlie mountains in the Lowlands of ScojKland 
from which it derives its ^amc. It has extended from* 
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there southward into the hilly districts in the border 
counties of England, and northwards into the- Highlands, 
where it has in many places supplanted the native 
mountain sheep. It is a very hardy creature and thrives 
well on very poor pasture, surviving with comparative ease 
the very severe weather to which it is subjected in the 
winters, which render the Cheviot hills quite unsuited for 
other breeds. They are thus described: “ They have white 
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faces and legs, open countenances, lively eyes, and are 
without horns. The ears are largo and somewhat singular, 
and there is great space between the ears and eyes. The 
carcass is long; the back straight; tile shoulders rather 
light; the ribs circular, and the quarters goo<I. The legs 
are small in the bone and covered with wool, as well as all 
■-the body, with the exception of the face.” Fig. 34 gives 
a very gobd illustration of this valuable sheep, which may 
be taken as the type of the mountain hi-ceds. Although 
the Cheviot is a mountain sheep, it is le.ss active and nu)ie 
docile than many other mountain breeds, and lias been 
much improved in certain ^listricts by crossing with other 
long-woolled sheep, as well as witli Down slieop. The 
w’ool is usually fine in (piulity, and grows thick upon the 
body, thus forming a gooil protection against the weather. 
The fleece usually weighs from 3 to 4 lbs. Although since 
tlie introduction of BoUny wool it is not used so much as 
formerly in the production of cloth, it is extensively used 
in the manufacture of 'Tweeds and (.3iev7\)ts, a.s its name 
implies. 'I’he cros.sing with other .sheep, especially the 
Leicester, has materially improved the character of the 
wool, but it has tended to deti-act {rom the hardy character 
of the race, and hence tliroughout a large part of tlie 
districts where it is found it Hourishes best in its purest 
state. These improved sheep are called Border Leicesters 
or Leicester Cheviots. 

The Herdwick Sheep are found only in the mountains 
of Cumberland and Westmoreland, and are, like the 
Cheviots, able to live on coarse fare and endure great 
exposure without injury. They are without horhs, and 
the wool is coarse and open, the fleece weighing about 3 
to 4 lbs. They fatten slowly, but when matured the 
quality of the mutton is excellent Unlike most mountain 
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sheep, they remain attached to a particular spot, and 
seldom stray far away from it. Fig. 35 shows this sheep. 
Tradition says that those sheep were imjiroved by crossing 
with some Spanish^heep which were saved from tlic wreck 
of one of the vc.ssels of the Spanish Armada. 

The Penistone Sheep is <listingnishc(l from alt the 
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mountain sheep of this countiy by its extreme coarseness 
of form, especially at the extremities, and the large, 
muscular, and bony character of its long tail. The weight 
of the fleece is from 4 to 5 lbs., and the wool is of a silky 
appearance ami medium length, but it is Iiarsh and wiry, 
and only fitted for the coarser class of fabrics. The males 
have large horns, lying close to the head and projecting 
forward. The limbs are bony; the feet large; the 
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shoulders heavy, and the sides fat. They feed well, and 
the mutton is of first-rate quality. 

III. The Ancient Upland Breed of sheep comprise, 
lyith the sub-varieties produced by crossing, the whole of 
the most valuable wool-bearing sheep of the United 
Kingdom, as regards the fiiieness and quality of the fleece. 
^.They are the inhabitants of the south, eiist, and west of 
England, and the Downs of the southern counties, and 
possess many of the most valuable qualities which are to 
be desired in a sheep. The distinctive classes are usually 
named from the districts in which they are fmuid; but 
they are all more or less intermixed with other breeds, and 
into no class of sheep have grwitcr improvements been 
introduced than into these l)y judicious crossing. The 
Southdown, which is included in this class, is, however, 
one of the purest and most iinmixed breeds in -the 
kingdom, and is the type of the short finc-woolled sheej), 
just as the Leicester is of the deep-grown woolled sheep. 

The Old Norfolk Sheep were formeWy found very 
extensively ill the iiigher lands of Norfolk, Cambridgeshire, 
and Suffolk; hut latterly they have been to a great extent 
replaced cither by a cros.s with the Southdown or by the 
Southdown itself. They somewhat resemble the black¬ 
faced heath sheep, but have longer liodics and mucli finer 
wool. They have b].ack faces, with horns in l)oth sexes, 
long limbs, and arc very active in their habits. The wool 
is mostly used for carding purposes, and made into livery- 
cloths, either alone or mixed with finer wools. 

The Dorset Sheep is probably the host of all the old 
horned sheep of the country, and has been preserved pure 
from a very remote period. They are strong, hardy, 
active sheep, much wilder and less docile than South- 
downs, which they exceed in size. They have longer legs 
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than the Southdown, wHlte faces and legs, and honis of 
moderate length in both sexes, The wool is moderately 
long,—longer than the Southdown,—scarcely so pure in 
quality, but brightar in appearance and almost Entirely 
free from grey, and the weight of the fleece is from 3J to 
4 lbs. The great value of this sheep, however, consist# in 
its prolificness, since they rear a larger number of lambs 
than any other sheeji, and at'an earliei' period. It is from 
this source that the supply of Christmas lamb in the 
London market is derived. This is a matter of consider¬ 
able importance, because, since the great decline in the 
price of English wool, the farmer has to pay special 
attention to the rearing of sheep and lambs for the meat 
market. 

The Somerset Sheep is a variety of the Dorset sheep, 
but more of the Leicester character, and difl’ering from the 
Dorset in having a pink nose in place of black or white. 
The wool also is longer and heavier. 

The Portland Sheep is also a variety of the Dorset, 
and is raised on the island of the same name. They have 
horns, and white faces and legs. The wool is coarser than 
on the Dorset sheep, and the fleece very light, but the 
flesh is delicate and ex?ellent, and they are principally 
reared for the London market, where they command a 
good price. 

The Old Wiltshire Sheep are nearly extinct, having 
been almost entirely replaced by other and more profitable 
breeds, or crossed with Leicesters, and so merged into half- 
breed sheep. They are largo in size, and horned in both 
sexes, with Homan noses, and white legs and faces. They 
carry very little wool, the fleece only weighing about 
21 lbs,, and they fatten slowly. 

The Old Hampshire and the Old Berkshire sheep 
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' somewhat resembled the old AViUshire, and both have how 
become practically extinct, having been replacetl )>y South- 
down and other more cultivated and useful sheep, though 
at one time they abounded in large numbers in the counties 
which are associated with their names. 

The Hampshire Down Sheep is now found generally 
, in the northern division of the county, and extending into 
Berkshire and Wiltshire. The precise origin of this variety 
is difficult to discover; but it probably originated in the 
native sheep which existed there before the time of the 
Homans, and its present characteristics have been obtained 
by judici(ms crossing with more improved .sheep. This 
sheep is larger than the Southdown, with longei: legs and 
coarser l)ones, Imt the rpiality and weight of wool is some¬ 
what similar. This sheep is represented in Fig. ^IC. 

The Improved Hampshire Sheep are exainplo.s of 
successful cro.ssing, and a proof of what can be done by 
the male parent in the course of a few generations in 
changing the character of the original, ^uid producing a 
breed which i.s more valuable in every way than cither of 
the .sources from whence it was derived. They unite the 
(qualities of the original Hampshire with the Sussex and 
Cotswold sheep, and thus produce a first-class sheep, both 
in size, appearance, and wool-bearing properties. 

The Southdown, or Sussex Breed, is a typical sheep. 
It is nnf|nestionably one of the pure.st and most valuable 
sheep ill the kingdom, and its de.sccnt can he traced to a 
period antecedent to the Norman Conquest. It stamls first 
amongst all the short-woolled English sheep, not only on 
account of the fineness and quality of the wool, ,but also 
of its fattening and meat-giving character. These sheep 
have reached their present perfection by constant and 
unremitting attention to the purity of the original breed, 
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and the careful weeding out of any sheep which showed 
any retrograde characteristics. The utmost attention has 
also been paid to the feeding and rearing of them, and this 
has not only tended to the increase of their numbers but 
to the improvement both of the flesh and wool in every 
respect. Latterly they have been crossed to some ejtent 
with lioavier-woolled sheep, and this, along with improved 



farming, has tended to strengthen tlie cliaracter of the fibre. 
' Nothing can show the sterling qualities of this breed better 
than tlio fact that, with the large inHu.v of foreign fine 
wool into this country, the Southdowns have not only 
maintjiined their numbers, but actually increased, although 
the wool is now principally used for combing purposes, 
whereas, at one time it was exclusively used for carding. 
They have also very much extended in the area which they 

K 
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cover, and have, in many instrfhcos, supplanted entirely the 
native sheep in those localities which are suited for their 
habits and constitution. This imj)roved sheep has thus 
been described : “ The head is small and hornless, and the 
face brown-grey in colour, and neither too short nor too 
long. The lips are thin, and the space between the eyes 
and nose narrow. The under jaw is fine and thin; while 
the ears are tolerably wide and well covered with wool. 
The forehead also an<l the space between the ears is 
covered with wool. The eyes are full and bright, but not 
prominent, and the orbit of the eye not too projecting. 
The neck is of medium length ; thin towards the head, but 
enlarging towards tlic shoulders, where it is broad and 
high, but straight in its whole course above and below. 
The breast is wide, deep, and projecting forwards between 
the fore-legs, indicating a good constitution and a disimsi- 
tion to tlirive. Corresponding with this, the shoulders 
should be on a level with the back, and nob too wide 
above; they should bow outwards fp)m the top to the 
breast, indicating a sj)ringing rib b(5ncath, and leaving 
room for it. The ribs coming out liorizontally from the 
spine and extending far backwards, and the last rib 
projecting more than the others. The back flat from the 
shoulders to the setting on of'^thc tail. The loin broad and 
fiat, and the rump long and broad. The tail set on high, 
and nearly on a level with the spine. The hips wide, 
with tlie space between them and the last rib on either 
side as narrow as possible, while the ribs present a circular 
form like a barrel. The belly is straight as the back. The 
legs neither too long nor too short. The fore-legs straight 
from the shoulder to the foot, not bending inwards at the 
knee, and standing far apart both before and behind. The 
hocks having a direction rather outwards, and the twist or 
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the meeting of the thighs* behind being particularly full. 
The bones line, yet having no appearance of weakness, and 
the legs of a dark colour. The belly well protectei] with 
wool, and the wocj coming down, both before and behind, 
to the knee and to the hock. The wool .short, close, 
curled, and fine, and free from spiry projecting fibrcSj”' 
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Such is a description of thi.s favourite sheep, whicli has 
extended itself into all parts of England, Scotland, and 
Ireland, and a representation of which is given in Fig. .37. 
It has almost supplanted the native breeds in Noi-folk, 
Cambridgeshire, and many other counties; and in Hamp¬ 
shire,*WiIt8hire, and Dorset it has been extensively crossed 
with the native breeds. The breed is well adapted for 

' The W. C. Hpooiier, M.it.V.tt, p. 41 . 
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hilly pastures wherever the clialk prevails; but as it has 
not the hardy character of many of the mountain races, it 
cannot replace the black-faced heath slieep, or the Cheviots, 
or the mountain sheep of Wales and Irek-nd. The superior 
quality of the mutton, and tlie due proportion of lean and 
fat ip the carcass, render it a greater favourite than even 
the Leicester sheep in the London market, and for this 
pur|>ose, therefore, it has been crossed with Shropshire 
rams so as to produce a sheep partaking of the character 
of both parents, and having earlier maturity and superior 
feeding qualities to the pure Southdown. 

The Shropshire Speckle-faced Sheep is a cross¬ 
breed between the original horned sheep and the South- 
down. The original sheep was probaldy the Morfc 
Common sheep, which is still found near Bridgcnbrth, and 
which produces a superior quality of wool; but as it has 
been crossed with other breeds, particularly tljc long- 
woolled Leicester and Cotswohl sliecp, as well as the 
'Southdown, a corresponding variation from the original 
has been produced, and to-<lay there is no sheep which has 
been more improved in every respect. It was the first of 
the short-woollcd sheep in tliis country which are not 
Southdown. It is now very extensively cultivated, and it 
is said to be the most profital^Io sheep to the producer, the 
butcher, and the consumer. A great admirer and breeder 
of this sheep once remarked, “It is a farmer’s sheep, a 
rent-paying sheep, a tenant’s sheep. It is a money-making,, 
wool-producing, mutton-carrying sheep. It is a bank, a 
save-all, a frugal-living and quick-fattening, hardy sheep.” 
Fig. 38 gives a good illustration of it. , ■ 

The Ryeland Sheep has been preserved from a 
remote time in the County of Hereford, and from thence 
has extended itself into Shropshire, Monmouthshire, 
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Gloucester, and Warwickshire, where it has received 
various names. These sheep are small, without horns, 
and distinguished for the great fineness of the wool, which 
is superior for caii^ling purposes to all others which are 
produced in England, the Merino alone excepted. The 
introduction of fine foreign wool into the country has lyuch 
interfered with the cultivation of this sheep, l)ecause any 
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attempts to improve its character so as to compete with 
.this have lesulted either in the deterioration of the sheep 
for food purposes, or else its deterioration as a wool-bearer 
if the former character was preserved. The ci’oss with the 
Leicester lias been most successful, but the (puility of the 
fleece has been entirely changed and rendered fit for 
combing purposes. 

IV. The Long-Woolied Breed of Sheep are 
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diametrically opposite to those of which wo have last 
l>oop speaking. They are distinguished for their groat 
size jpid the great length and weight of the fleece, and in 
this respect the most improved hrecis of England are 
without any rival in the worhl. They are properly the 
natiyes of the rich marshy pastures of the west and midland 
counties of England, from whence, with the improvements 
in agriculture and the demand for long wool, they have 
spread into all parts of the country. Even in those 
counties where the short-woollcd sheep abound tlici'c has 
been extensive crossing with the r.eiccster ami allied 
breeds. Whei-cver suited to the district they have been 
found more profitable than the short-woollcd sheep, not 
only on account of the greater weight of the wool which 
they produced, but also iu one particular variety on account 
of their earlier niaturity and greater aptitude for fattening. 
While many of the upland and mountain breeds of sheep 
have been preserved i)ure, the ancient long-woolled sheep 
have, in almost all cases, un<iergo<-ic modification by 
crossing so as to secure certain improvements. It is a 
matter of considerable difliculty to trace the original stock 
from whence the various breeds have been derived. Prof. 
Low thinks that there were originally two distinct varieties, 
one of which belonged to tfic marshes and fens, and of 
which the l^incoln and Komney Marsh sheep are now the 
representatives; the other inhabiting the inland plains, 
and which are now represented by the Tceswater, Leicester,_ 
and other varieties. The wool from these sheep has a 
peculiar interest for those engaged in the Bradford trade, 
because it was from the use of these wools that the worsted 
trade, as distinguished from the woollen trade, originally 
took its rise, and they formed the staple articles of con¬ 
sumption before the demand for soft goods, and the 
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introduction of such large* quantities of liot-my and other 
fine wools into tho district, and they still hold their own 
in the manufacture of the warps tor the all-worsted ijoods. 

The Lincoln tSheep stands at the head of the long- 
woollcd sheep, not only on account of the length of the 
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wool, but also of the weight of tho fleece, which averages 
from 8 to 9 lbs. weight. The old pure Lincoln breed is 
now .almost extinct, because it has been found that by 
crowing with the New Leicester a breed of sheep has 
been obtained which we may term the New Lincoln, and 
which possesses a greater aptitude to fatten, an earlier 
maturity, as well as an improved form. A larger number 
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of shoep can also be kept on the same extent of land. lit’’ 
consequence of this, although the sj;:e of the slice]) has 
been slightly reduced, it is the best wool-producer as well 
as the ’largest sheep in Europe. It is of ft large and coarse 
form. The fleece often weighs as much as 10 or even 12 
lbs., and hangs down all round, almost touching the '' 
ground. Wlion spread out on the sorting-board some of 
the largest fleeces seem almost too large to have ever been 
upon a single sheep’s back, having even reached the 
enormous weight of 24 lbs. We must remember, however, 
that some of the largest sheep reach from 350 to 3C0 lbs. 
weight when slaughtered. The length of the wool on the 
longest part of the fleece also sometimes reaches an in¬ 
credible length. The author retjxined for some time a lock 
from a fleece which lie .sorted which measured over 3G inches 
in length. The wool, although bright and silky, is coarse in 
texture; but within recent years their introduction into 
Australia and New Zealand for crossing purposes has pro¬ 
duced a class of shcej) wliich have a beii,ntifully pure and 
silky hair along with a groat length. These sheep are 
principally found in the fen district of Lincolnshire, but 
from thence they have extended into Norfolk, Cambridge¬ 
shire, and the adjoining counties, and crossed with the 
Leicester into every district in tfne United Kingdom wlicre 
suited for the growth of long-woollcd sheep. Fig. 39 
.gives a good illustration of the celebrated sheep. 

The Romney Marsh Sheep is another breed of long- 
woolled sheep inhabiting from time immemorial the fen 
district on the southern coast of Kent from which it 
derives its name. The native breed of this district were 
large and coarse animals, rather smaller than the Lincoln, . 
but since they have been crossed with the New Leicester» 
they have much improved in every point, and now -are 
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repre3en6e(l by a large landsomo sheep which yields 
moderately fine and deep-grown wool. This is represented 
in Fig. 40. 

The Wensleydale Sheep is the modern form of 
the Teeswater Sheep, which originated in a large and 
ancient breed of sheep in the valley of the Tces^ that 
sejiarates the comities of York and Durham. It was a 
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large, tall slieej), of very coarse form, with large head, 
rounded haiinclics, and long limbs. The wool was very 
long, but rather scanty, which, since crossing with the 
Leicester, has much improved—so much so that the cross 
has entirely supplanted the original. The wool is very 
bright ami curly, and the locks are very free and distinct. 
The quality of the mutton is very good; and the thrifty 
habits and hardy constitution of this breed render it a 





WOOL FIBKB 


CHAP. 


138 

great favourite in the dales of the North Kiding of 
Yorkshire. 

Th^ Warwickshire Sheep was another variety of 
long-woolled sheep, rather smaller in sia3 than tlio Tees- 
water, with heavy bony frame, long thick legs, and great 
splay Jeet; but this animal has almost if not entirely 
become extinct, having been replaced by more improved 
animals such as the New 1 Leicester. 

The Bampton Nott is found in the fertile valleys of 
Devonshii’C and Somersetshire, roiuul the village of 
Bampton, from which it derives its name. Crossed with 
the Leicester it has produced a valuable breed of sheep, 
in which the original defects of the native breed have 
disappeared. A smaller variety called Southam Notts 
also exists, and these two classes of sheep, crossed with 
the Leicester, represent the long-woolled sheep of Devon¬ 
shire and the southern paid of Hampshire. 

The Devonshire Southam Sheep oiiginated in the 

soiithorn part of that county in the neighbourhood of the 
Vale of llonitoii, and up to the !)orders of Dartmoor. 
From thence they have exteruhid into Cornwall, where 
they arc extensively bred, and have been much improved 
by crossing with I^eiccsters. They somewhat resemble 
the Komney Marsh sheej), hut* with brown faces and legs. 
Crossing with Leicesters has removed this colour as well as 
materially improved them in every other respect, so that 
they fatten earlier, and a finer and more silky fleece is 
obtained. The (juality is moderately fine and the staple 
long. The ficcce is about 9 lbs. weight. 

The Cotswold Sheep, seen in Fig. 41, derive .their 
name from the hills of the same name in Gloucestershire, 
where they originated, or at any rate have existed for a 
period beyond authentic history. They are of large size, 
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witliout horns, and witli a long and almndant fleece. 
They arc [jrincipally found in the valley of the Severn 
and on tlic surrounding hills. The wool from the^c sheep 
has long been coiebrated for its length, and in consequence 
of this property a few were exported to Spain in the reign 
of Kdward IV., where they were much prized and iycrcased 
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in numbers. Some writers have supposed that they were 
the originators of the Spanish Merino sheep, but it is 
probable that they were crossed with already existing 
Merinos to the advant;igo of both. The introduction of 
Lgeester sheep into the Ootswohl district hiis greatly 
improved the old native breed, and the new Cotswolda 
have a decided advantage over the old on account of the 
greater hardihood as compared with the pure Leicester- 
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and the deeper grown nature of the wool than in the 
original stock. The wool, when washed, is of a good 
colour, and averages from 6 to 8 inches in length, and 
the.tleecc weighs from 7 to 8 lbs. The ^Cotswolds have 
also been crossed with the Hampshire Down sheep, and 
produced what is known as the Ncav Oxford sheep. 

The New Oxford Sheep originated about the year 
1830, wlien Mr. Twynham crossed a Ifanipsliiro Down 
ewe with a cross between the New Leiee.stor and Old 
Cotswold. The resulting sheep u])proximatcd to the 
Cotswold in the wool and the Leicester in the carcass, 
while it much exceeded the parent in size and hardihood. 
The deeee weighs from 8 to 0 lbs., with a firmer and 
finer staple than the Cotswold wool, and yet retaining 
the full length. 

The Leicester Sheep, or, as it is now called in its 
improved condition, the Dishlcy or New Leicester, is 
perhaps the most celebrated of all the long-woolled sheep, 
not even excepting the New Idneoln. In <'giire, hardihood, 
and quality, both for wool and mutton, it is almost without 
a rival, and has been usc<l perhaps more extensively than 
any other to cross the native breeds of long-woolled sheep 
in other districts with a view to improve them. It 
originated with a Mr. Bakeweli, who obtained it by a 
jmlicious crossing with various loug-woollod sliccp that 
he had selected with the best specimens of the Old 
Leicester breed, which it has now almost, replaced. It is 
now preserved pure as a breed, and while there is no 
long-woolled sheep which has been crossed with it which 
lias not'improved, it has never itself received any furttier 
additional advantage by crossing with them. It occupies 
the same position in regard to the long-woolled sheep that 
the South Down docs amongst the shorLwoolled. 
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The following is a description of this typical sheep, 
which may be compared with the illustration given in ^ 
Fig. 42:—“ The head should be hoi'idess, long, small, 
and tapering tovards the muzzle, and projecting hori¬ 
zontally forwards. The eyes prominent and with a quiet 
expression. The cars thin, rather long, and directed 
backwards. The nock full and broad at its base where 
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it proceeds from the chest, hut gradually tapering towards 
the head, and being particul.arly fine at the junction of the 
head and neck, the neck scendng to project straight from 
the chest, so that there is, with the slightest possible 
deviation, one continued horizontal line from the rump 
to the poll. The breast should he broad and full; the 
shoulders also broad and round, and no uneven or angular 
formation where the shouldcns join either the neck or 
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the hack; particularly no rising of the withers, or hollow 
behind the situation of these bones. The arm fleshy 
through its full extent, and even down to the knee; 
the bones of the leg small, standing wide apart, with 
no looseness of skin about them, and comparatively bare 
of wool. The chest and barrel at once deep and round. 





the ribs forming a considerable arch with the spine, so 
as in some cases, and specially when the animal is in good 
condition, to make the apparent width of the chest even 
greater than the depth. The Karrel ribbed well home, 
with no irregularity of lino on the back or belly, but 
on the sides the carcass diminishing gradually in width 
towards the rump. The quarters long and full, and as 
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with the fore legs, the muscles extending down to the 
hock. The thighs also wide and full, the legs of moderate 
length. The skin is thin, but soft and elastic, and with 
a good quantity*of white wool, not so long as in some 
breeds but considerably finer.” 

Border Leicesters, seen in Fig. 4,S, are found o^n both 
the English and Scotch side of the border, and may be 
said to form the mainstay of Border Counties farming. 
They rival in excellency the original Dishlcy Leiccstcrs 
from which they were derived, and crossed with Cheviots 
and black-faced mountain sheep they have earned a reputa¬ 
tion which is second to none in the market. 

In addition to its unrivalled qualities as a wool 
producer, the New Leicester has a greater dead weight 
when slaughtered tompared with the live weight than any 
other sheep, wliile the Hesh and fat are accumulated more 
externally, and acquired in the greatest degree in the 
most profitable places and the least in the coarse |)oints. 

Showing the importance of sheep-farming in the United 
Kingdom, it may bo noted that the number of .sheep 
returned by the Board of Agriculture was in 1907 as 
follows 


England ■ « ■ l.^j,098,928 

Scotland .... 7,313,165 

Ireland .... .3,816,995 

Wales .... 3,703,372 

Isle of Man .and Ohanned Island-s W,7(i9 


Total 


30,011,219 
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CLASSIFICATION AND DKSCiaPTION 
OF FOREIGN SHEEP 

Difficult as the task is to <lescribe arnl arrange all the 
difTercnt breeds of sheep which are found within the 
United Kingdom, it becomes more difiicult when we have 
to classify those which are found scattered over the four 
quarters of the gloljo. Many of the breeds have only a 
local celebrity, and only snjall quantities of the wool are 
received into the English market. Th* increase of inter¬ 
national communications, however, has within the last few 
years greatly facilitated the transport of wool, and the 
great demand for new makes of textile fabrics has 
stimulated the introduction of new fibres, so that large 
quantities are now received from countiies where but a 
few years ago the export of wool was unknown. Of many 
of those fibres it is extremely difficult to say which class 
of sheep has supplied them, as they arc piincipally known 
as wools named after the port whence they are shipped, 
and are often mixtures from several varieties of sheep. 
There are, however, scattered through all the more civilised 
countries of the world various breeds of sheep which have 
distinctive characteristics, and these we shall liricfly describe/ 
commencing with those which arc found on the Continent 
, M4 
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of Europe and in tlie British Colonics, on account of their 
great importance in this and other markets. 

Euroi’ean Sheep 

The first amongst all the European sheep, both on 
account of its intrinsic merits, and also of the close relation 
which it bears to some of th^ English and Colonial sheep, 
stands tlio Sixininh Memo l)rced. 

Merino Sheep. —The wool of Spain has always been 
celebrated from the very earliest times, and during the 
period of the Roman Empire was justly considered to 
excel, both in quality and stjiple, all otlier known wools. 
During the Middle Ages and the Saracen occupation of 
Spain the woollen manufactures of that country were 
renowned throughout all Europe, and tlie Italian artisans 
received their line.st wool from that country. With the 
expulsion of the Moors from )Spain the manufactures fell 
into a state of djcay, from which tliey have not yet re¬ 
covered, and the introiluction of the Spanish Merino sheep 
into Saxony and Australia and otlier of our Co)onie.s has 
deprived her of the monopoly which she once held of tliis 
fine In'ccd. 

There has probably existed from the earliest times in 
Spain two diflerent varieties of sheep which corresponded to 
our long- and short-woollod sheep, and which were further 
distinguished by their habits, eacli of them having 
representatives amongst the stationary and migratory 
classes; the stationary confining themselves to one district 
all the year round, while the migratory seelc a different 
pasture at different seasons. The stationary sheep consist 
of two different breeds and a third or intermediate 
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The Chunah is a larger, taller, and heavier sheep than 
the Merino, with a smaller head, which is devoid of wool 
The staple is about 8 inches long, and much coarser than 
the Merino, and possessing hardly any curve. It was 
probably to improve this lireod that the Cotswold sheep 
were imported into Spain from England in 14G4, and the 
descendants of this mixed breed may still be traced. 

The Stationary Merinos are chiefly found in the 
pastures scattered amongst the Guadarrama mountains, 
the Somo Sierra ranges, and the whole country of Segovia, 
and hence are sometimes called Segovia Merinos. They 
protlucc fine, beautiful wool, but have not the same 
reputation as the Migratory Mci-inos, which are so justly 
celebrated. 

The Migratory Merinos, or, as they arc called in 
Spaii), Transhmimlcif^ are the most celebrated sheep in the 
world, and excel all others in the fineness of the (piality of 
the wool. They are small in size, with flat si<les, narrow 
chests, and long legs, d'ho first impi’cssiou m.ade by 
their appearance is not often favourable, the wool lying 
closer and thicker over the body than in most other l>reeds 
of sheep, and being almndant ’n yolk, which is aii oily, 
fatty, 8Ccrctior> mixed with the wool, is covered with a 
dirty crust, often full of cracks. The legs arc long, yet 
small in bone; the breast and the back are narrow; the 
fore-shoulders and bosoms arc heavy; and too much of 
their weight is carried on the coarser parts. The horns of 
the male arc comparatively large, curved, and with more 
or less of a spiral form. The head is large, but the 
forehead rather low, A few of the females arc horned, 
but as a rule are not. Both male and female have a 
peculiar coarse and unsightly growth of hair on the fore¬ 
head and checks, which is cut away before the shearing 
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time. The other *part *of the face has a pleiising and 
characteristic velvety appearance. Under the throat there 
is a singular looseness of skin, which gives a remarkaldo 
appearance of throatine.ss, or hollowness in the neck, 
and the wool is* grown in largo folded pleats over the 
neck and all parts of the body. The fleece when 
pressed upon is hard and nnyielditig. This arisej from 
the thickness with which it grows upon the i)elt, and the 
abundance of the yolk, which detains all the dirt and 
gravel which falls upon it. The wool, however, when 
examined, exceeds in fineness an<l in the number of curves 
and serrations which it presents that of any other sheep 
in the world. The average weight of the Heecc in Spain is 
8 lbs. from the ram, ami 5 lbs. from the ewe. The staple 
dilTers in length in different })rovi!ices. The wool is 
usually white, Init darker on the legs, faces, and cars. 
The frontispiece gives an illustration of these remark¬ 
able sheep in whic^li the characteristic features are clearly 
seen. Tn the n^odern improved Merinos the large loose 
folds of the skin over most parts of the body liavo been 
bred out and the surface Inus become smooth, the same as 
in the Southdowiis, which renders shearing much easier; 
but these characteristic folds are still always present on the 
br(!asl and neck. In the frontispiece the old form of 
Merino ram is seen sUinding between the modem ram and 
the cw(?. 

These migiatoiy sheep are divided into two classes, 
the Leoneso and the Sorians. The former are the more 
valuable. They pas.s the summer in the mountains of the 
north, and the winter in the plains of the south of Spain. 
They leave their winter quarters about the middle of 
April, and occupy about six weeks on their journey. 
During their journey they arc shorn iti large buildings 
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built for the purpose. The sheep *are packed close 
together the night before to cause them to sweat, which 
softens the yolk and renders the shearing operation easier. 
No less than 50,000 shepherds are employed in tending 
these sheep, which arc divided into flocks of about 1000 
each. Formerly it was supposed that this change of 
pasture was absolutely necessary for the animal to retain 
Its fineness of wool; but it is now found that this is not 
the case, as some of the German Merinos, which were 
originally derived from Spain, and which are kept 
perfectly stationary, yield w'ool of equal quality. 

For a long time the laws of Spain were very strict in 
regard to the exportation of these sheep, so as to prevent 
their introduction into foreign countries, and indeed, at 
one time, prohibitive,—the penalty being death in case of 
discovery. About 1723, however, they were introduced 
into Sweden, but have not flourished well in that country, 
probably on account of the coldness of tfie climate, which 
is not in favour of the growth of fine wool. Shortly after¬ 
wards they were introduced into France; but the breed 
was not kept pure, and deteriorated either through want 
of care or admixture with inferior races. 

The Elector of Saxony introduced them into Germany 
in 1765, and in 1775 they were also taken into 
Austria, in both of which countries they have flourished 
in a remarkaldc manner, so much so that the German 
Merinos now more than rival the Spanish in the quality 
of the wool. The two classes of sheep which were 
introduced into Saxony and Austria are still perfectly 
distinct. Tht Simn breed is called the Escurial. These 
sheep have longer legs than the Austrian, with a .long 
spare neck and hea<l with very little wool upon it, but the 
wool is shorter, finer, and softer in the fleece, which 
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weighs from 1| t# 2 11*. on the ewes, and 2 to 3 lbs. on 
the wethors and rams. 

The Austrian Merinos are called Infantado or 
Negretti, and have shorter legs than the Saxon, with a 
comparatively short head and neck and short turned-up 
nose. The wool grows upon the head as far as the 
eyes and down to the feet upon the legs. It is very • 
thick in the fleece and often very matted and ttlngled, 
while the yolk upon the wool is so stiff as to render 
washing difficult. When cleaned, liowcver, the wool is 
very fine and long. The weight of the fleece is from 2J 
to 3| lbs. in ewes, and 4 to 6 lbs. in wethers and rams. 
These sheep, especially the Saxon, are very tender and 
require very careful attention both in regard to the 
pasture upon which they feed and the nature of the 
pasture ground, 'fhey are always housed at night, even 
in the summer except during the very finest weather, and 
are never returned to the pasture till the dew is off the 
grass. Bluing the winter they arc entirely kept within 
doors and fed with hay, straw, and corn. Although 
various attempts have been made to cross the Saxon and 
Austrian Merinos, no advantage has resulted from it, and 
the best results are in each case derived by keeping the 
breeds as pure as possible. Ikfth these classes of sheep are 
stationary, and although originally derived from ancestors 
in the Migratory Merinos of Spain, havo suffered no 
deterioration in consequence. 

It seems, indeed, probable that the practice which is 
still maintained in Spain of moving the flocks is not a 
necessity of their existence in the best possible condition. 
The long, tiresome journeys, which occupy several months 
duiing the year, are always accompanied with many 
casualties and great mortality amongst the sheep, as well 
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as causing great inconvenience in the country through 
which they pass, which necessitates mucli land remaining 
-uncultivated and special legislation to regulate the 
migration. 

The Meri"'^ .,;ieep was nuroJneed into England by 
o.wge HI. in 1791—although a few shcej) were obtained 
earlier—and tlie breed still remains, but has nob been 
found *80 suitable in many respects as some of tlic native 
breeds, although crosses witli it have mucli improved the 
quality of many of our native breeds. Although the 
quality of the wool ou the J’aiglish Merinos was quite 
equal to that obtained in their native country, it was found 
that they did not possess one of the necessary qualifications 
which in this country is essential, viz. the principle of 
early maturity and the general propensity to fatten. In 
all countries where the fleece is looked to as the great 
source of profit to the fai-mer, this is quite a secondary 
consideration ; hut in England the mulbon is as valuable, 
or iiulecd more valuable than the wool, especially since 
the great reduction in the price of the latter; and hence 
many of our own broods of sheep will always be cultivated 
in preference to the Merinos. < 

Notwithstanding this disadvantage so far as the meat¬ 
bearing qualities of tiie Merino arc concerned, it stands 
first in the quality of the wool, and no sheep ha.s had a 
more im[>ortant part to play in the history of the industries 
of the world. The finenes.s of the fibre, the lustre of tho 
hair, the unrivalled felting properties, and the great 
strength of the fibre in proportion to its diameter, all 
combine to render the Merino a typical wool; and tho 
fact that admixture with almost all other races of sheep* 
introduces many of its characteristics into their wool as 
well as renders them capable of extension over a very wide 
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geographical range,thas made the Merino sheep one of the 
moat valuable of all domesticated animals, and one which 
has rendered the very greatest service to the cause of 
humap civilisation. 

The number ^of sheep in .Spain by the last return in 
1900 was l:i,a&9,47:!. 

FuENCII SllHEl’ 

• 

As we might naturally expect, a country so e.xtcrisive 
and diversilied as France contains it very large number of 
dilTeroat breeds of sheep, and of late years especially 
considerable improvements have taken place in most of 
them arising from the introduction of foreign blood, which 
has been rendered easier by improvements iit transit and 
the competition wliicii the native wools have had to meet 
in the various markoLs. The oilgirial sheep wore probably, 
as in England, of several varietic.s sintcil to the dilferent 
physical conditions of the country. The mountain breed 
partook of the character of the usual mountain sheep which 
still linger in the districts of Navarre and Hearn, with long 
legs, thin body, and coarse dcecc. 

In Picardy the sheep closely resemble some of the 
English breeds, such as the Homnoy Marsh .sheep, and 
indeed are a cross between tiiem and the sheep of the 
neighbouring provinces of Flanders. 

In Normandy there is a largo breed of .sheep whicli 
weighs as much as 15 to 1(5 lbs, per ipiarter, and which 
produces a fine long wool, mid is also esteemed tor its 
mutton, which finds a ready sale in the Paris market. 

Along the coast of Ilretigne, Poitou, Guienne, and 
Gascony the breed of sheep is entirely diflcrcnt, being 
much less and short-woollcd, but the wool is fine and 
valuable. 
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At the lower or Basses Pyronoes thu sheep yield w'ool 
which is fine in quality and fi'om 6 to 7 inches long; hut in 
the central or High Pyrenees a difierent breed is found, 
which somewhat resembles the Norfolk sheep, with black 
faces and legs. ^ 

In the district of Iloiissillon the presence of the Merino 
, sheep may be distinctly traced, and many of the Hocks 
are sedreely inferior to the S-panish Merino, from which, 
indeed, they were derived ; the chief difference between 
them being that the wool does not grow so close in the 
fieece, but hangs in detached locks with a beautiful spiral 
wavincss. The same class of sheep extend into Languedoc. 

The whole district of Arles is famous for its sheep- 
farming, and the sloping pastures in the district of Crau, 
from the mountains down to the sea coast, abound in large 
Hocks, which arc hardy, healthy, and good wool-bearers. 
Most of the sheep in this district are migratory, Itcing 
driven in summer from the plains of Arles and the valley 
of the Uhone towards the Alps, which divide Provence and 
Haujrhinc from Italy. 

The fine-woolled sheep of the southern provinces have 
had a considerable influonce on t the sheep of the inland 
districts northward, and most of the wool is in much repute. 
In Dauphine it is finer than in most of the southern 
provinces. In Auvergne there is a mountain breed with 
black and white heads, but the wool is not much esteemed. 
The number of .sheep in Prance in 1905 was 17,783,209. 

Swiss Shekp 

The mountains and valleys of Switzerland have long 
been distinguished for some of the breeds of sheep, the 
origin of which has no doubt been a breed which probably 
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originally came frotn Itafy when the sheep was first intro¬ 
duced there from the East, or perhaps an older breed still, 
which may, like some of the Spanish sheep, have been 
indigenous to the soil, but now lost by crossing with more 
improved breeds. In many of the valleys the sheep are not 
unlike some of the English breeds, and have been imported, 
or sheep to improve them have been obtained, from Germany, , 
Flanders, and Great Eritain.* As might be supposc*d from 
the general character of the country, a mountain breed 
flourishes best, and has been much improved since the 
introduction of the Merino sheep. In some parts of the 
country there are also flocks of pure Merino, whose wool is 
much sought after and wrought into the finer goods pro¬ 
duced in the various cantons. The number of sheep in 
Switzerland was by the last return in I'JOC, 209,243. 

Italy 

No country produces pastures which arc bettor fitted for 
the feeding of sheep than lUdy, and during the time of the 
Koman Empire the country possessed the finest breed of 
sheep which were then known; and they were watched and 
tended with a care which was unknown clsewdiere, and the 
wool used for the manufacture of the very finest fabrics. 
With the extension of the Koman Empire, however, and 
the increase of Koman Colonies, the growing of wool was 
more extensively practised abroad, and the wools of Spain 
and Gaul were very largely used, and to a great extent 
supplanted those of native growth ; the Italian sheep being 
more cultivated, like the present sheep in England, for the 
sake of the carcass for food. During the Middle Ages the 
foreign commerce of the Kepublics was such that they 
bought their wool from all the countries on the shores of 
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the Meditcriunean Sea, and everf fronf Britain, but with 
their decay the breeding of sheep was much neglected, and 
a deterioration in nearly every class of sliecp in the country 
followed. Within comparatively recent ywirs—since the 
unity of Italy has been attained—there h|is been a revival 
of both commerce and agriculture, and many flocks of sheep 

• and rams for improving the breed of native sheep have 
been introduced from Englancb and Spain. Piedmont, and 
the districts at the foot of the Itiiliaii Alps, have long been 
celebrated for a breed of sheep whicli are excelled only by 
the Merinos, from which they may have been originally 
derived \ and various kiinls of sheep famotis hath for long 
and short wool arc found in tlio plains of northern Italy. 
The number of sheep returned as pastured in Italy in 1900 
was 6,900,000. 

Germany 

As wo have already mentioned, the Merino sheep has 
been introduced into this country and into Austria, and 
has nourished so well under the care ami attention bestowed 
upon it, that the Saxon and Austrian Merino has produced 
even better and finer wool than can be obtained from Spain. 
There are several breeds of sheep found in the various 
provinces of Prussia, most of which, however, were of an 
inferior character; but since the introduction of the Merino, 
and most of all since the establishment of government 

• schools of agriculture, a great improvement has been intro¬ 
duced into nearly all of them; and in addition to this, many 
of the iong'woolled sheep, including the New Leicester 
from England, have been iniported, which have materially 
tended to improve tlie native races. The sjimo remarks 
apply to the Austrian as well as to the German Empire, and 
in every part of these two large continental states there is 
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an increasing nunifi)cr (?f sheep bred either from pure 
Merinos or crosses witii the native races. In the Duchy of 
Holstein, in the north of Germany, a peculiar and valuable 
variety of sheep exists which is the descendant of a 
primitive breed. .,It is of <a moderate si/e and yields fine 
wool, but not a large quantity. In this di.strict also the 
introduction of foreign sheep lias been attended with great 
success, and many large flock* are found both pure or*iiiixed 
with tlie native breed. The number of sheep in Germany 
in 11)04 was returno<l as 7,907,173. 

Holland and Ukuiium 

As might be expected, the sheep of these two countries 
more or less resemble the sheep of our own island, with wliicb, 
especially the Konincy Marsh slico[), tln^y have been inter¬ 
mixed. Ivarly in the last century a large sheep from 
Guinea was introduccil, which lias .still left its traces, and, 
CTO.ssed with the English long-woolled breed, has produced 
a valuable sheet) known as the Texe! sliee}). In Friesland 
there is a similar breed, but with more English blood, and 
resembles somewhat the Irish long-wuollcd sheep. In 1789 
the Merino was introduced into these cmintrics, but has 
never acquired the same hold as in Germany, although it 
has been used in several districts to improve the (piality of 
the wool. By the last return in 1904 the nmnher of sheep 
was 842,307, of which only onc-qnarter were in Belgium. 

ItussiA 

This vast empire has always been celebrated for its 
wools, and ultlioiigli many of them are coarse, yet from the 
extent of the country and the vast difference in climate 
which is found in a country stretching from the Arctic 
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Circle to the Black Sea and the Danuhe, we may naturally 
expect to find a great variety of qualities The fact that 
very largo numbers of the people arc more or less of 
wandering habits, and their principal wealth flocks and 
herds, contributes to make it one of thp largest of wool- 
growing countries. In the northern parts of the empire 
tlie sheep are small and sliort-tailed, and bear a coarse wool 
much’mixed with hair and fwqucntly of a very brown or 
mixed gi’cy coloiir. On the banks of the Kivers Ooji and 
Dneiper and in the districts of the Ukraine, the sheep arc 
larger and yield a bettor class of wool, some of it indeed of 
a fair <iuality when care is exercised in the management, 
and it can be used for the manufacture of clotli. The shores 
of the Baltic, and the islamls in the Oulf of Finland, have 
long been celebrated for their wool, and in these districts 
the native sheep have been considerably improved by the 
admixture with superior foreign breeds. 

The finest wool-growing district, however, in Russia, 
is the Crimea and the neighbouring provinces, where 
the climate and pasturage is of a character wliich is 
eminently adapted to sheep-farming, and the wool is 
usually shipped from Odessa* In the Crimea and 
ncigh})Ourhood there are three classes of sheep. The 
common breed has a long tail covered with fat, and is 
white, or black, or grey, with long coarse wool. These 
sheep are kept in very large flocks, and are removed 
from the mountains to the plains along the sea coast, 
according to the season of the yciir. There is a breed 
of mountain sheep which occupies the higher lands, and 
which yields a thick and rather fine fleece; and in addition 
to these two classes there is a breed which is a cross 
between these sheep and the Merinos, and which are 
receiving increased attention, and upon the cultivation 
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of which the increlise iif the export of better-class and 
finer wool from Odessa depends. 

The last return in 190G showed the sheep to number in 

European Russia . . . 42,943,912 

Asiatic Russia . *. . 18,605,339 

Total . 61,549,251 iiicliuliiig goats. 


DANUBIAN ruiNCIPALITlKS 

Along both shores of the Danube the sheep is 
extensively cultivated. The native sheep of this region 
—the Wallachian sheej)—is a large, noble-looking animal, 
with spiral horns of Urge size and long silky wool, but 
the fleece is much deteriorated by a long growth of coarse 
hair. Until comparatively recent times, and especially 
on the Turkish side of the river, the state both of 
agriculture and sheep-farming was in a most primitive 
condition, but of,late years the introduction of better- 
class sheep for breeding purposes, and specially the 
Merino, has tended to improve the native breed in every 
way. Indeed, in many d^tricts tiie native is now either 
entirely displaced by the Spanish sheep, or a cross 
between it and the native, with the most beneficial effect 
on the wool; and this sheep, from its size and other 
useful characteristics, has spread into tho neighbouring 
states and through Hungary and Roficmia. The Moldavian 
sheep differs from tho Wallachian cbiefiy in the length of 
the tail and the form of tho horn, which is not so spiral, 
and also in the quality of the wool, which is not so fine. 
Like the Wallachian, there is a great mixture of hair and 
wool; the hair being coarse and about 11 inches long, 
and the wool about b to 7 inches. A similar sheep also 
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exists in Bulgaria and Servia, Jlnd d smaller mountain 
breed in the Balkan ranges. 

Turkey in Europe 

On the Roumclian side of the Balkan Mountains, 
and in the central plains of Turkey in Enroi)c, the sheep, 
as ma^ have been expected from the general condition 
of the Turkish Einj)ire, havt^ been much neglected, and 
arc in some places probably wor.se than they were centuries 
ago, but with the partial ac<pnsition of in<lcpcndcncc 
improvements will be introduced and sheep* farming 
extended. The native slieej) of the plain.s are of two 
kinds: one somewhat similar to the Boumanian, and 
another which is smaller and probably a cross between 
this and the Balkan sheep. In some of the islands of 
the (Ireek Arcliipelago the Mii.smon is still found, as in 
Crete and Cyprus; and in the latter also a peculiar breed 
which is distinguished hy the possession of four horns, 
two of which stand ei'cct forward.s, and two curved 
downwards behind tlio cars. 

Montkneuro, Ai<r..\NitA, anu Ghekue 

In the mountains of Montenegro and Albania there 
is a breed of mountiiin sheep which seems to he allied 
to the sheep found in the mountains of (Ireece; but the 
native sheep have in many instances in botli those 
countries been superseded by bettiw classes, which have 
cither been imported or ol)taincd hy crossing the native 
breed with imported shcej). 

ICKLANJ) SlfKEP 

In the island of Icchand a peculiar breed of sheep 
exists—indeed there arc two different breeds, —one ' 
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evidently the resull^of irilportation, probably from Norway 
or Sweden, and larger in size than the native breed, with 
a finer and whiter wool^N^ind the other a small, active 
sheep, in colour v<arying from dun to black, One great 
peculiarity of tli^ sheep is that it seldom has less than 
four and often as many {is eight horns. When the horns 
are not more than five they are pljiced in one row, and 
all spring from the frontal* ])oiic as in the case of the 
native sheep of Cyprus; but when tlicre arc more than 
five, they arc pl{icc<l in two rows, one behind the other. 
They almost look more like goats than sheep, as the 
outer covering is long coarse hair with a close fine layej- 
of wool underneath, which neither wet nor cold can 
penetrate. The owes Jilso, in districts where cattle 
cannot be kept, yield a valuable snj)ply of milk, varying 
from two to six (piarts j)er day. 


SWKDKN, NoKWAY, AN 1 > DkNMAUK 

• 

The native sheep of these countries arc not a very 
valuable breed, but they arc very liardy aiul easily 
withstiind the severe M’ftiters, besides yielding a sweet 
and nourishing mutton. They are usually ot medium 
size, with slender bodie.'f, wliich are not readily fjittened, 
and long bare legs. They have a small head and short 
horns, and tlie tlcece is only sparse and oj)en, {ind 
frequently mixed with much liair, especially in the hilly 
districts and iipon poor jwstures. In the islands on the 
coast of Norway there i.s a breed of wild .sheep which 
are sometimes caught and shorn l)y the natives, but the 
frool is wild and coarse. 

Sweden was the first country to see the advantage of 
improving the native breed, or else supplanting it with 
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the Merinos, and as early as 1723 tiicse Spanish sheep 
were introduced, and the result was a great improvement 
in the native breed and a great increase in the manufacture 
of woollen goods, in consequence of the improvement in 
the wool. These sheep were also introduced into Norway, 
at a later period, and in both countries great attention 
has been paid to their cultivation, so that they now exist 
in great numbers. 

The Danish sheep originally were not unlike those of 
Norway and Sweden, and have been mucli improved by 
the introduction of Merinos, so that j»ow considerable 
quantities of fine wool is exported from Copenhagen to 
Great Britain and Germany. 


II. ASIA 

We have already pointed out that there is strong 
reason to believe that many of the Asiatic varieties of 
the sheep have taken their origin from the Argali or 
wild sheep of the Asiatic Mountains, which extends its 
range from the Caucasian Mountains to the shores of 
Kamtchatka, along the wliole Ciiain of mountains which 
run along central Asia, Wo have already given a 
description of this animal (p. Ill) and of its habits, and 
it is not necessary, therefore, to refer to it further. 

The general character of the Asiatic domestic sheep 
is somewhat similar to those which are found in Palestine 
and Sf/ria. In those changeless countries they have 
probably altered little in character since the days of 
Abraham. A few of the fat-rumped, but more of the 
fat broad-tailed variety are seen. In the latter the 
carcass is more or less neglected, and the hairy-woolly 
fleece is coarse and comparatively valueless, while the 
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fatty portion of the tail is increased to one-fourth and 
even sometimes oue-third of the total weight of the 
sheep. 

The fat-|umped sheep have an accumulation of fat, 
commencing at the posterior part of the loins, swelling 
gradually into a considerable mass towards the iump, 
which presents two considerable enlargements of a more 
or loss globular form. This sheep extends through tlft 
northern part of Asia and into Russiati Europe, and is 
the prevailing sheep of which the Hocks of the Kalmucks 
and Turcomans and almost all the wandonng tribes are 
composed. It is inHnenced to a certain extent by the 
climate and pasturage, but no attempts have been made 
to improve the breed by admixture with other races; and 
the fact that it can travel long disUnces, endure great 
hardships, ami yields a plentiful supply of milk and coarse 
wool for the coarse fabiicj used by the M'andering tribes, 
rendei’s it one of the most useful of the domestic varieties. 
In some districts of Rus-sia, however, with care and 
cultivation, this sheep has been caused to yield fine 
wool with only a small admixture of hair. 

The broad or fat-taiied sheep is probably a variety 
of the last named, and is found in Palestine, Syria, and 
Persia. These creatures have a monstrous roimd of fat 
like a cushion in place of a tail, wliich sometimes weighs 
30 or 40 lbs. The wool of these sheep is coarse, much 
tangled, and felted and mixed with coarse dark-coloured 
hair. Large quantities of the wool of this sheep are 
exported from Ragdad, and the breed is found in all 
j)arts of Asia as far as China. Fig. 44 gives a fair 
illustration of this remarkable sheep. 

As the majority of the Persians lead a pastoral life, 
much attention is paid to the breeding of sheep, and the 
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beat are found in the distiict of Kerman. Here the wool 
is 6 ne in quality and is manufactured into goods which 
rival the beautiful goods of Cashmere. 

The sheep in this district bear a fine spjjcally curled 
wool of a grey, or mixed black and white colour. They 
are below the ordinary size and their fleeces supply most 
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portion of wool growing at tho roots of short hair, but in 
others the wool is both long ami fine, ami out of the long 
wool, after careful separation from the hair, some of the 
fine shawls oj India are manufactured. 

India 

The same variety of sheep abovcAiicntioned arc foumf 
in northern India, and the class of wool is the same, but 
in some districts, such as Nepal, there c.xists a small class 
of sheep which are well cultivated and yield a very fine 
class of wool, which is nse<l in making a variety of fine 
fabrics. These sheep, liowever, cannot endure the great 
heat of the plains. 

In the Deccan there is another vaiiety of sltccp which 
is extensively roared. It has short legs, short thickish 
body, and .short horns, with short black wool. Attempts 
have been nnule to introduce English sheep into India, but 
in the tropical regions there i.s always dilliculty in regard 
to pasturage, and tlie autlior has not heard what success has 
attended the endeavour. It is impossiole to leave India 
without mentioning tlie Cashmere goat, which is found in 
tho district of that name. It is allied to the native Tibet 
goat, but rather smaller. It is a fine-looking creature, 
with very large horns, Avbich curve backwards ami often 
extend half tho length of the animal. Tho liair is longer 
than that of tho Angora goat, which yields the mohair of 
commerce, and is destitute of the undulating curves which 
are the true distinction between hair and wool. This hair 
varies from 0 to 18 inches long. The finest only 'grows 
upon certain parts of the goat, and it is said that a single 
goat only yields about 3 to 4 ounces. The strictest watch 
is kept to prevent tlicse cultivated goats from being 
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exported, and it is from their haii* that the fine Cashmere 
shawls are made, which are unrivalled for texture, colour, 
and design. The number of sheep and goats in British 
India was in 1906 returned as 18,029,181. ^ 

Chinese Sheep 

The vast empire of China po.ssesses several distinct 
varieties of sheep. In the north and along the borders 
of Tartary the fat-rumped and fat-tailed breed is found. 
The same is also found in the south, where, in diflerent 
situations, it produces almost every variety of wool. In 
some districts in the south there is also found a small 
variety of sheep which almost resembles some of the 
Bnglish breeds, and from the wool of which the natives 
make a fine class of serges. The larger varieties yield 
wool from which strong felted carpets are made. There 
is also in China a long-legged sheep which seems to 
resemble the African Adiniain sheep. The Uil is long 
and the wool short and coarse. Some of thfc sheep in the 
northern districts have four and even six horns, the same 
as the Iceland sheep. 


III. AFRICA 

The general character of the sheep in the northern 
districts of Africa, around the basin and in the valley of 
the Nile, greatly resembles that of Palestine and Persia, 
modified to a certain extent by the difference in climate. 

Egypi', the Soudan, and Abyssinia 

Along the borders of the Red Sea and the eastern coast 
of Africa the general condition of the sheep is not 
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satisfactory, as it is jnuch neglected. In Egypt the 
condition is rather better, although the rearing of sheep 
is not largely carried on. The fat-tailed sheep prevail in 
Egypt, but those with long tails nearly reaching the 
ground arc more numerous than the broad-tailed. In 
Upper Egypt the sheep are more numerous and of a large 
size, with tails which weigh from 18 to 2f) lbs.. Also the 
fat-rumped sheep, which, are rather sm.allcr than th» 
.Persian. Beyond the confines of Egypt and stretching 
onward to the mountains of Abyssinia there arc many 
tribes who possess large flocks of sheep, some of which are 
well looked after and produce good wool. The Abyssinian 
sheep arc somewhat similar to the native Persian, with 
an external covering of hair, which has, however, frequently 
a fine lustre and softness. In the mountains, also, are 
found the many-horned sheep, similar to those which arc 
found in the rocky portion of the deserts of northern 
■Vfrica. 

AIorocco, Auiikrs, and Tunls 

The native sheeji of this district are only of a very poor 
character. They arc of,the middle size, with an arched 
forehead, pendulous cars, and shaggy hair, with long 
uncovered legs. They are found in large numbers in the 
oases which abound round the wells in the desert which 
stretches from the coast of the Mediterranean Sea inward 
towards the south. Since the colonisation of Algiers by 
the French attempts have been made, with success, to 
introduce better breeds of sheep, and the Merinos and 
other cultivated races have been imported, so that in some 
districts really good wool is now grown. Whether any 
attempts have been made to improve the native breeds the 
author cannot say, but immediately we jiass from the places 
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in contact with European civilisation to those where native. . 
rule pertains, wc find all traces of improvement lost. In 
Morocco and Fez there is a consideral>Ie manufacture bf ’• 
coarse woollen goods, and also of felted materials made 
from the finer parts of the fieece, of which wo have 
the best example in the felted skull-caps that are so 
universally, used by the Tur-ks an<l Egyptians. Some of 
the native sheep of Tunis have.lieen imported into Spain 
and America, and, crosso<l with Merino sheep, have been 
made to produce a good class of wool. 

Wkst Coast of Afuiua 

' Along the west coast of Africa several distinct breeds • 
of sheep are found. In Oninea and the Slave (‘oast there 
are two which are quite dirtbrciit. One is of small size, 
and somewhat resembles the European sheep, and tlic 
other, which is most numerous, is larger and of a difierent 
character. Tiie male is horned and the female generally 
hornless. The colour is usually grey, with black dis¬ 
tributed about the head and neck, ami a mane of long, 
silky, white hair. Tliero is also a sheep which has a large 
quantity of hair flowing down towards the brisket, and 
which gives it a singular and curious appearance, and, one 
trayellcr says, they have so little resemblance to those in 
Europe that unless they were heard to bleat it would be 
difficult to tell what kind of aiiimals they are. In Angola 
a'very singular sheep is found, called the Zunu, which is 
found in no other part of the world. Its legs are long and 
slender, but muscular and strong. There is a slight 
elevation of the withers, the chest is narrow and flat, and 
the false ribs project and give the animal a strong 
resemblance to the Zebu. The fat is singularly distributed 
over the body’and about the neck, which has given it the 
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name of the goitrcd sh^ep. The body is covered with soft, 
short, pale brown hair, mixed with a fine undergrowth of 
wool. Somewhat similar sheep, but differing in colour and 
general form, are found along the basin of the Congo. 

Cape Cottony and Natal 

The most important sheep* rearing district in Africa, 
however, is the Capo Colony and Natal, with the adjaceut 
districts. The native sheep is of the broad-tailed variety, 
with long legs and a small bo«ly, wdth the fat collected 
mostly on the rump and tail. They are of every variety 
of colour, and covered with a strong frizzled hair, with the 
undergrowth of wool mixed with it. 

When the colony was \\\ the possession of the Dutch, 
they introduced improved sheep from Holland and Spain, 
and sheep-farming became a very large industry. When 
the colony passed into the hands of the English this 
industry increased in importance, and now wool of the 
very best quality, and in very large quantities, is exported 
to Europe. 

When the Merino was first introduced there was 
considerable prejmlice ^gainst it, but its success in one 
district gradually led to its introduction, along with 
Southdowns and Leicesters, into all tlie others. Attempts 
have also been made to introduce the Angora goat into 
this colony, and this has now succeeded, and largo 
quantities of goats’ hair, which is as fine in quality as 
the native Mohair from Asia Minor, are now imported 
from Cape Colony into the United Kingdom. Very fine 
samples of this mohair, derived from crosses with native 
jiud Angora goats, were seen by the author in the Indian^ 
and Colonial Exhibition in 188C, and since tlrnt time the 
trade has largely increased. 
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Some idea of the great importaaice of this industry in 
the colony may l»e gathered from the fact that in 1905 
the number of sheep and goats in British South Africa, 
including the Transvaiil and Ithodcsia, was 17,982,677. 

IV. AUSTRALIA AND NEW ZEALAND 

o Nowhere in the woild has sh/3cp-farining l)een ciirricd 
on with greater success or on a larger scale than in our 
Australasian Colonies, and nowhere has the clloct of climate 
and breeding been more marked in the improvement of 
the wool. 

The settlement in New South Wales, which was originally 
intended as a convict station, and which is now the 
flourishing colony with Sydney for its capital, was the first 
place where sheep were introduced into tlic island. There 
were no sheep native to the soil, and the first were introduced 
from India. Those introduced were of poor quality. 
They had large heads, Roman noses, and slouch ears. 
They were narrow in the chest and shoulders, with long 
legs, high curved backs, and a coarse hairy fleece, more 
resembling goats than sheep. PjV^n these sheep, under the 
influence of the splernlid climate and rich pastures, beaime 
essentially changed in character, and in the course of a few 
years lost all their hair and increased the growth of wool, 
which was likewise much improved in quality. Southdowns 
and Leicesters were then introduced, and the crosses with 
these produced a fleece equal in fineness and value to that 
of the pure breed of these sheep in England. The success 
of the Merino sheep in every part of the world led to the 
introduction of these into Australia, and the third or fourth- 
cross with the prevailing sheep of the colony produced an 
animal with the fleece equal in quality to the pure Merino 
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in Kurope, and tlie W)oI of tho pure breed seemed to 
improve as much in quality as the native wool had done. 
Henceforth tho production of wool became the great staple 
trade of the^colony, and the millions of sheep which cover 
tho pastures of New South Wales, Victoria, (Queensland, 
Now Zealand, and Tasmania are second to none in the 
world; some even rivalling the finest Saxony, ^’he history 
of one colony is the history of all, and the immense increase 
of manufactures in Europe has sustained an ever-increasing 
demand for the splendid wools which are now exported. 
During the la.'tt few years the greatest attention has been 
})aid to increasing the size of the sheep, and in many districts 
the fleece is now twice the weight that it was ten years 
ago. This is of the greatest importance, because the same 
weight of wool is now' obtained from a fewer number of 
sheep; and in a country wdiere, from the frequency of 
drought, pasture is often very variable, this is a great 
desideratum. 

The rapid decrease of time required for the voyage to 
and from Europe by the introduction of steam, and the 
opening up of an entirely new outlet for the carcass of the 
sheep in the tinned and ^ ozen mutton now so largely used, 
have afforded a new stimulus to the increased cultivation of 
sheep, which is rapidly telling in every jart of the world. 

In 1906 the number of sheep returned was as follows:— 


Victoria.12,1)37,440 

New South Wales. . . . 44,132,421 

(Queen.diind.M,88fi,4.3t) 

South Aiistmlia .... 6,CG1,217 

Western Australia • • 3,340,745 

. New Zealand . . . • 20,108,471 

Tasmania.1,720,394 


Total 


103,796,126 
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Including the wool sent to Nccth America, the total 
quantity sent from these colonics was one million and 
twenty-six thousand bales. 

V. AMERICA 

Wo have already pointed out (p. 112), that the Big 
Korn or Rocky Mountain sheep is a native of America. 
But few of these creatures have over been tamed, and as 
wool-bearing animals they have really no interest. 

Unitki) St Allis 

During the time that those States were colonics of 
England various classes of sheep were introduced, and in 
, many of the States sheepfarming is an important industry, 
although it has hitherto been more or less subordinate to 
the growth of cotton .and com. During recent years, 
however, great efforts have been made to improve the 
character of the sheep. This has been stimulated by the 
increase in manufactures which has arisen since the war 
between the North and South,^ and the imposition of 
protective tariffs on all imported manufiictured goods. At 
the present time there are many large flocks of first-class 
sheep of various kinds found scattered over the country, 
and extending into some of the better parts of Can.ad.a. 

No country in the world surpasses some parts of the 
States as a field for sheep-farming. The country is 
undulating or hilly, with the finest herbage and abundiince 
of water. Recent experiments which have been made in 
the South with a view to rotation farming in the cotton- 
fields, and which have demonstrated that sheep and ci]^tle 
can be fed on the green parts of the cotton-plant and the 



VII , CLASSlfWATlUN or tORHIQN SHEEP 1?1 

cotton-seed cake after the oil is expressed, open up a wide 
field for an extension of sheep-rearing, and there can bo no 
doubt but that in the future America will take an in¬ 
creasingly important place as a wool-producing country in 
every quality which can possibly bo required, 

The author saw the statement in a lloston paper (ffosfow 
Jtmrnnl of Commem), that this year the pjodnetion of 
American clothing wool w^ould exceed that of every countiiy 
in the world except Australia; and the number of sheep 
in the United States was returned in 1007 as 53,210,282, 
Whereas in 1S70 it was only 28,477,951, which shows the 
very rapid advance of wool-farming in the States, In 
addition to the large increase in the yield of wool, the 
Angora goat has been 'ntroduced into suitable localities in 
Texas, (leorgia, and elsewhere, and very large quantities of 
mohair are now produced, which will probably render tlie 
country in a few years quite independent of foreign 
supplies. 

South Amurioa 

Many of the States of South America possess largo 
Hocks of sheep, wliich^serve for the purposes of native 
manufacture and for oxiiort. Most of tlie sliocp are the 
offspring of those which were originally introduced from 
Kurope when the llcpublics were S[)anisli colonie,s, and 
they therefore jiartako of the character of the huropoan 
wools, Tlie immense plains whicli abound on tlie Atlantic 
coast form one of the best rearing grounds for sheep in the 
world, and some of the finest w'ool is now exported from 
the district watered by the River Plato and other regions. 
Returns arc not available for all of the States, but in Mexico 
and Uruguay alone the return in 1902 was 21,351,501 



17* WOOL FIBRE chap. 

Alpaca 

Before concluding our notice of the wool-bearing animals 
in America, it is impossible not to notice one which has 
played such an important part in the manufacture of 
Bradford goutls, viz. the Auchenia IWo, which although 
usually referred to as a goat, belongs to the order Auchenia 
(f^om the Greek word Auchen,^ the neck), a genus of 
ruminating quadrupeds, of wliich tiie Llama is the best 
known. It is exclusively South American, and is found 
in the lofty ranges of the Andes. The members of this 
genus are allied in character to the camel, and may be 
regarded as the American representatives of tliat family. 
They possess a stomach somewhat sijnilar to the camel, 
and resemble it in general form, oxcejit that they are 
smaller. They have a long neck, small heiul, prolonged 
and movable upper lip, and small apertures of the 
nostrils. They diifer from the camel in the dentition, 
and partly in the more cloven feet and movable toes. 
The nails arc stronger and curve^l, aiul each toe is 
supported behind by a pad or cushion of its own. Con¬ 
siderable doubt exists as to the number of species in this 
order. The Llama and Vicugna are certainly distinct, but 
it is doubtful whether the Alpaca is not a mere variety of 
the Llama. 

The Alpaca is smaller than the Llama, and the legs and 
breast are destitute of callosities. In form it somewhat 
resembles the sheep, but it has a longer neck and more 
elegant head. The head is carried erect, and the eyes are 
very large and beautiful. The general form of this creature 
is illustrated in Fig. 45. It is remarkable for the length 
and fineness of the wool, which is of a silky texture, with 
a very bright and silvery, almost metallic lustre. As wo 
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shall afterwards see, when examined under the microscope 
the alpaca fibre seems to occupy a position intermediate 
between wool and hair, indeed, having many of the essential 
features of% the latter rather than the former, as the 
epidermal scales are closer in their attachment to the stem 
of the fibre. If the creature is shorn each year, the length 
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of the fibre reaches eight inches, but if allowed to grow it 
will attain a length of from twenty to thirty inches. The 
wool is not 80 curly us the wool of the sheep, Init fine and 
very strong in proportion to the diameter. The colour 
varies very much. Some of the goats are yellowish-brown, 
and some grey, and oven white, while many are found 
which are quite black. The late Sir Titus Salt was the 
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first to introduce this important fibre into use as a material 
for textile fabrics. The quantity of Alpaca and Vicugna 
imported into Great Britain in 1907 was 4,330,796 llis., and 
of Camel’s hair 8,896,376 lbs. 

Mohair 

Simultaneously with the great increase in the demand 
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for lustre goods which led to the rapid rise of the alpaca 
trade, there has been a very large use of nnother and 
allied fibre—mohair. 

This fibre is the wool of the Angora goat, a 
creature whose native home is in the mountainous district, • 
in the interior of Asia Minor, and of which Fig. 46 
gives the general features. The centre of the district is 
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the town of Angora, about 220 miles from Constantinople, 
from which the goat derives its name. The climate and 
soil seem to be peculiarly favourable to the growth of 
long silky h^ir, as many of the cats, dogs, and even the 
rabbits and rats of this region are famous for it. The 
Angora goat is a fine, noble-looking animal, with large 
horns which are curved back over the neck, awl its fleece 
is composed of long, beautiful silky hair, varying in length 
from G to 8 inches or more. This hair, however, is a true 
wool, since it possesses a curly structure, with a fine 
development of the epidermal scales and a bright metallic 
lustre. From the earliest times this district has been 
famous for the production of a .superior fine yarn and fine 
wool goods. Endeavours have been made to acclimatise 
this goat elsewhere, but for a long time without success, as, 
when removed from its native mountains, the wool 
deteriorated and lost its distinctive features. 

This goat has been introduced into Caiie Colony, 
where in its pure state, and mixed with the native African 
goat, it produces a fleece which even exceeds in quality the 
native mohair, and large quantities of this material arc now 
exported to England. As we have already noticed, they 
have also been introduced into the United States, and 
large flocks, which are continually increasing, are now to 
be found there in suitable positions. The qitantity 
of mohair imported into (Jreat Britain in 1907 was 
25,308,026 lbs. 



CHAPTER VIII 


SHEEP AND wool. CULTUEE 

It may not bo uninteresting in a book of this character 
to incJude a chapter on the qualities which arc most 
desirable in sheep and wool, and the methods in which 
these may be best attained and perpetuated. 

From what lias already been seen, it is quite clear that 
amidst the great variety in the breeds of sheep and in the 
character of the wool which they pro<Iuce, arising from 
difference in nature and environment, there are some which 
possess more desirable qualities than others, and arc there¬ 
fore the models whose characteristics are most sought 
after. 

Classification of Wools. —From a manufacturer’s point 
of view it may be said that all wool, irrespective of its quality, 
and looking at it from a })urely mechanical standpoint, 
may be divided into two great classes, which correspond 
with the two different classes of yarns made from wool. 
These are called vm'sU'd yarns, where the fibres are all 
arranged parallel to each other befoi e the twist is put in; 
and woollen or carded yarns, wlicre paiallelism of the fibres 
in the yarn is not required. 

1. Long JVoul —Where the staple is of such a length 
that it can be used in the preparation of worsted yarns, 
176 
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and the strength of the yarn is less dependent on the felting 
property of the wool than upon the length of the fibres, 
which obtain on this account a greater holding surface when 
the twist'is put in, and which require to be. treated by 
machinery in which the long fibres in the fleece are selected 
and the short ones removed before the spinning process is 
readied. Those wools roach their highest perfection in* the' 
Lincoln, Leicester, CotsWold, and other deep-grown wools, 
and in their crosses with the Merino and other breeds, in 
which the length of wool is retained and greater softness 
and fineness introduced into the fleet^c,.as in the cross-bred 
Colonial wools. 

2. The Short tVooh .—Where the fibres, altiiongh uniform 
in length, have a much shorter staple and a higher felting 
quality, and, when made into yarn, are not treated in 
machinery so much to obtain parallelism of the fibres, but 
depend for their strength upon the entanglement of the 
fibres and a certJiin amount of felting action which knits , 
them together rather than upon the holding (piality derived 
from the twist; and generally in the goods made from these 
yarns the felting process is increased by fulling and other 
means, which renders the texture of the cloth more felted 
and dense. 

This short wool is typically represented by the Merino, 
Southdown, and Shropshire fleeco.s. There is a borderland 
where these two classes of wool meet, anil where portions of 
the fleece can be sorted out and used for combing purposes 
and the making of worsted yarn, leaving the shorter portions 
to bo used for carding and woollen yarns. These are 
sometimes called middle-woollod sheep. 

Characteristics of Good Wool—Whether the wool 
be long pr short, however, there are certain properties whiefr- 
must be twssessed by the fibre of the wool, from whatever 
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source i[ j jj obtained, and which, for their respective kinds, 
may bet summarised as follows:— 

A 11 the fibres in the fleece must be of as uniform a 
length, jg possible over the largest possible area. 

The diameter of the fibre must be as fine as possible 

b ,he character of the fleece, and uniform and sound 
thrt lughout its entire length. 

3. The staple must bo evenly distributed over the whole 
a*r irfaco of the body, and when the suint or fat is removed 
1 /ho staple must be left free and open. 

4. The fibres must be supple, elastic, and of uniform 
strength, and free from any hard or brittle parts. 

6 . For the class of wool the scales on the surface of the 
fibre must be as numerous as possible, of uniform size, and 
closely adherent to the surface, so as to prevent felting 
in the fleece or the accumulation of dirt tinder the free 


margins. 

G. Other things being equal, the fibre must bo of good 
colour and possess as high a lustre as possible. 

7. The wool must have a soft lofty feel wdien handled, 
and also be elastic, resilient, and well-fed. 

It must be the aim of the sheeji-farmer to attain these 
various points in the highest degree, and just in proportion 
to this will the price of bis wool rise in the market. 

In order to be successful in this respect constant care 
and attention are necessary, and two considerations in 
regard to the sheep are most essential:— 

1. Selection of Breed. —The sheep must be of such a 
breed as will flourish best in the particular district in which 
the farmer lives. 

No animal is more responsive to environment than the 
: sheep, improving in every quality when this is suitable to 
its peculiar requirements, and none deteriorates tpore 
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rapidly when the cirtumstances are adverse. Fortunately 
the farmer has an almost unlimited choice in this respect,- 
and whether ho lives amongst the wild hills, or in the quiet 
Talleys w<iere the rich grass land is well watered by the 
rivers, or whether the pasture is poor or rich, by the sea¬ 
side or inland, he is able to select a sheep which is suited 
to the geographical and climatic condition^ and thus he 
can secure the best residts attainable in that locality. * As 
a rule, in the choice of a sheep it is .safe to .select a similar 
class to those which are already being run in that district, 
and if there is not this experience as a guide, it is best 
to select a sheep from a district which, although similar in 
character, is rather worse in regard to climate and sur¬ 
roundings, so that when it is placed in its new habitat it is 
in a better position and not a worse one. Perfectly pure 
breeds of sheep are more tender and require better condi¬ 
tions than half-bred or crosses. 

‘ 1 . Character of Breed. —That the sheep should be 
of the be^ class of their respective kind and kept in the 
best condition. 

It pays no farmft- to neglect his flock, and deteriorated, 
ill-conditioned, and unhealthy sheep will pay nobody, and, 
as in every other business, good management is the essence 
of success. Apart, however, from the best class of sheep 
for the locality being run, there must be with every farmer 
a consideration given to the commercial fitness of the sheep, 
arising from the character of the markets available. 
With the •British and Colonial farmer this presents a most 
important difference, which, however, as easy transport and 
communication improve, tends to become more assimilated 
and uniform. The British farmer is close to the best markets 
in the world, both for the carcass and the wool, and hence, 
apart from stock-breeding for sale and stud-farms, he has to 
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consider the weight and quality of the mutton quite as 
tmuch as the quality of the wool, and it pays him best to 
select those sheep where dead weight and early maturity 
secure for him a quick return on his capital, quite as much 
as the quality of the wool. Hence, for commercial 
purposes, cross-bred sheep are probably best in this country, 
because although the farmer may get less for the wool, he 
gets more for the meat, and the sum of the two is 
probably greater. 

The crossing of a pure-bred sheep such as a Southdown 
with a Lincoln or Leicester increases the size and weight 
of the sheep and also the weight of the fleece, and although 
the quality is not so good, the increased weight of wool 
makes up for this. First and second crosses seem to be 
the point at which the best results are obtained, as the 
mutton still retains the delicate flavour of the purer breed, 
and yet the increase in size is not sufficient to cause great 
deterioration in the quabty of the wool, although it changes 
in character from the short to the long variety. Little 
advantage is gained by going further. 

In the colonies and other distant countries which 
depend on the British or European markets the case 
is widely different. The carriage of the wool from 
the .farm to the market is an important item, and it 
will bo readily seen that the higher the quality and 
the less the weight the better the commodity will stand the 
charge. There are many districts where the distance from 
the farm to the port of export is very great, and where 
the carriage and commission run into pence per pound, 
and here it pays to give the greatest attention to the 
quality rather than the quantity, both in the carcass and 
fleece. Formerly in Australia, in many districts, the trans¬ 
port of the carcass to the consumer rendered it of little" 

* 
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value, but now the 'intioductiou of cold storage in the 
transport ship, and the possibility of exporting in the 
tinned state, has rendered the question of a conipromise in 
quality soJnewhat similar to the Colonial as to the British 
farmer. Each must be guided by the circumstances of his 
own case. 

Scientific Sheep Culture.— Great Brifain, although 
small in area when compared -with other largo sheeps 
breeiling countries, contains within its borders a larger 
number of pure bred varieties than any other. It is the 
■ native liomc of the long woolled breeds, and it was in this 
country that the scientific culture of sheep was first 
systematically practised, and the name of Kobert Bakewell 
of Disliley, near Loiigliboroiigb, will be honoured by 
every lover of slice]) as the master pioueer in this 
respect. He grasiied the great fact, now so familiar 
U) biologists, that tlie properties of the parent may be 
transmitted to their oft'spring until fixity of type is attained, 
and his success in the Improved Leicester was such that 
he was the first to obtain 1000 guineas for a ram in 1789, 
which represents a much larger sum at that time than 
to-day. Afterwards, when the scientific culture bail spread 
over a wide area, it was found advantageous to introduce 
fresh blood into the shoe]), and this laid the foundation of 
still greater improvements, and to-day the types of sheep 
may almost be said to represent a manufactured article, in 
which the qualities of sire and dam and the properties of 
other breeds are judiciously blended in one perfect whole. 

The Shropshire breed (see Fig. 38), which has received its 
distinctive and admirable qualities, is a good imstance of 
this perfection, attained within the lifetime of a generation. 
In the great central districts of the United Kingdom no 
sheep flourishes better, and it has shown a remarkable 
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power of adaptation, even in district? where the climate 
and soil vary very widely in character,—a power of adapta¬ 
tion wdiich has enabled it to acclimatise itself on the 
Continent of Europe, the United States of ^'America, 
Canada, and Australia. For the same weight and quality 
of food no sheej) yields better results either in tlio meat or 
the wool. 

fn Great Britain there are now ilt least twenty distinct 
varieties of sheep, and each of these flourishes best in 
certain districts, and the stud-farms of this co\mtry, with 
the exception of the Merino, arc the source from which the 
supplies of .sheep, both sire and dam, are drawn upon to 
maintain the standard of excellence in all parts of the world. 

Maintenance of Standard in Flocks. —When the 
farmer has selected the class of sheep best suited to his re¬ 
quirements, it is necessary for him to he constantly watchful 
to maintain the standard of his flock, and this can only 
be done by the most careful attention. The price of this, 
like that of liberty, is eternal vigilance. He must watch 
carefully the character of eacli individual, and compare 
the fibres of the fleece with the standard already laid down 
as to the requirements of perfect wool. The slightest 
deterioration must be at once corrected, and weak oi- faulty 
members removed from the flock. Any deterioration in 
the character of the lambs must at once he checked and 
corrected. In correcting these the class of sire is, as a 
rule, more important than the dam, and the ram must be 
chosen which is strong in the points where Che ewe is 
weak. A weak constitution is usually the cause of the 
deterioration in the wool, and hence the ram chosen 
must be young and vigorous, with robust form and chest 
development, and his use carefully regulated, so as not 
to impair his strength. Good food, careful attention to 
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health, and, in the tflorc domestic breeds, shelter from in¬ 
clemency pf the weather and storms, are essential if the 
highest standard is to bo attained. 

Impoftance of Regularity in the Clip.— The manu¬ 
facturer looks exclusively at the wool and pays no regard to 
the mutton, and with reference to this it is most imiwrtant 
that each individual llecce shall be as much idike the others 
as possible, so that in examining one fleece he gets a*fair 
sample of the remainder. Regularity in this respect 
renders the sale of any particular wool much easier. 

Parasites.— Cleanliness and freedom from any of those' 
deteriorations which arise generally from the presence of 
parasites on the skin is essential. 

The skins of all animals which possess a hairy or woolly 
covering, which affords cover and nourishment for the pests, 
are always liable to harbour various forms of these parasites, 
and the sheep is no exception. While these by means of 
puncture injure the pelt or skin, their action on the wool 
is reflex,and not direct. Any injury to the skin also 
interferes with its appendages, directly by iuterforing with 
their growth, and indirectly by interfering with the health , 
of the animal and rendering it nervous and restless, unable 
to eat or rest well, and so undermines its general health; 
and immediately deterioration of the fleece begins. The 
vigour of the growth of the fibre is checked, the secretion 
of suint and other oils becomes less, and the fibres 
are then liable to mat and felt; or they lack'nourishment 
and beedine tender, irregular, and harsh, with distortion, 
and atrophy or hypertrophy of the constituent parts. 

It is not necessary to specially mention the vaiiety of 
these parasites, as they can bo found detailed in any manual 
of the sheep, but the remedies which are employed to limit 
or destroy them require to be considered, because they are 
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brought into contact with the fibres of the fleece, and upon 
tlieir proper cliaracter and use depend tlie preservation or 
injury to the wool, and so its value to the manufacturer 
may become much less. « 

To destroy these parasites or render their existence on 
the sheep impracticable, without at the same time injuring 
the health of the sheep or damaging the fibres of the wool, 
is not by any means an easy task, .Ilefore the matter was 
investigated and piovi<lcd for by scientific methods and 
with due regard to physiological consideration.s, much injury 
•was frequently done to the wool, anil serious consequences 
resulted to the manufacturer. For perfect removal it is 
necessary that both the mature and early forms of these 
pests must be eradicated, and this can now bo completely 
accomplished by means of scientifically compounded pre¬ 
parations which may be used as washes, which neither 
injure the wool nor the health of the sheep. 

Injurious Smears. — In the old days the principal 
preparations were smears compounded of tar an,d butter, 
and various products of tar distillation, and washes of tolaicco 
^infusion, or crude arsenical or mercurial preparations, all of 
'which were either injurious to the skin or the wool. 
The tar was specially objectionable, as it could only be 
removed by hand clipping, and, if left on the fibre when it 
went into the manufacturing process, occasioned damage 
both to the machinery and to the goods made from the 
yarn. All these materials must be carefully avoided. 

The use of alkalies or acids such as soda ash, potash, or 
strong alkaline soaps, and of carbolic and other acids, must 
be avoided also, as they act injuriously upon the suint and 
also upon the fibre itself, and render it tender and lustre¬ 
less. Above all, lime must be avoided, because along with 
the constituents of the wool it forms insoluble compounds. 
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which fimi loilgmeiit under the scales of the fibres and 
greatly interfere with any subsequent dyeing process. 
Mixtures of lime and sulphur were at one time largely used, 
specially tn South Africa, and were the cause of great damage 
to the wool and its reputation. 

Arsenical Dips.—The material now most used in the 
preparation of dips is undoubtedly arsenie and its com¬ 
pounds, and from porsenal iminiry the author found ’that 
the largest portion of the best wools, both in this country 
and the colonies, were from flocks where these were 
exclusively used, and these wools fetched the highest price 
in the market. 

Arsenious acid, the white arsenic of commerce, is in¬ 
soluble in water, and is a strong and deadly irritant poison, 
that attacks the sui'faec of the skin, and by union with 
the llnids of the body forms soluble compounds, which by 
absorption may enter the circulation, and especially when 
applied to sores. 

Scientifically compounded with alkalies and sulphur, it, 
is soluble and forms the base of the most successful dips, 
and its action is thus rcstrainecl so that it becomes beneficial 
rather than deleterious, and it is then removed from the 
fibre eivsily in the process of wa.sbing. All reliable works 
on sheep farming now give full details of the best methods 
of apjdying these preparations. 

Time for Dipping.—The best time for dipping appears 
to be immediately after clipping, when the wool is short and 
the reraovlll of the suint is soon replaced; and a sijcond dip 
is usually given in autumn just before the severe weather 
commences, and this prevents contagion when the sheep 
have to be folded during the winter season. The skin 
being clean and healthy, the growth of the new wool is 
secured in its best condition. 
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Washings of Sheep. —Apart from flestnirtion and pre¬ 
vention of parasite.?, there is always more or less dirt, 
such as soil, clay, manure, etc., gathers on the Heece, 
especially when run on arable land, as during‘tlio late 
autumn and winter feeding. That the washing of wool 
is injurious to the fibre by removing the natural pre¬ 
servative, the 'suint, is undoubted, as the wool is then 
more apt to felt and mat, and rendered leas fit for the 
manufacturer. 

One of the largest wool-combers in the world told the 
author that they could get far more satisfactory results 
if the wool Wiis delivered to them unwashed, as it was 
often spoiled before it came into their hands. Washing, 
however, in many cases seems for many reasons to be 
necessary, and is resorted to by many of the most successful 
wool-growers immediately before shearing. No harm 
whatever comes to the wool from washing the sheep after 
clipping, but it is unnecessary when dipped at that time. 
The question whether washing was resorted in before 
clipping was asked of twenty representative llritish 
farmers, and of these six replied they washed and thirteen 
that they never did. One said he never washed show 
sheep. It may be noticed that those who washed were all 
owners of long deep-grown wool flocks, which does not felt 
as easily as the finer short wools, and these long wools would 
therefore suffer less. 

Where washing is resorted to, it ought always to be in 
running water, so that a fresh supply is always reSching the 
sheep, and no rubbing must be used, as it felts the wool. 
As soon as the sheep has come out of the water and shaken 
itself, it ought to be placed in a clean dry field or straw 
yard, and not permitted to go on to earth or loose soil, and 
must be allowed time to restore the snint before shearing. 
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Shearing, —The'shcaring time diflfers in different places,; 
and it is now almost universally done by clipping machines 
and not by hand, so that most causes of defects arising from 
careless Wind-clipping arc removed; but the condition of the 
wool at the time of clipping and its handling and preparation 
for the market arc often very faulty. 

One of the most serious matters is tlie presence of 
foreign matter, and especially that of vegetable origin, 
associated with or entangled in the wool. Farmers are 
frequently not aware that animal and vegetable fibres can¬ 
not be dyed together, and that any vegetalile fibres or pieces, 
such as shaws, birs, hemp, or cotton, or other materials 
must be entirely absent, or else defects will appear in the 
finished gooils. It is true that these can now be entirely 
removed by the process of “ arbonising,” which consists of 
treating the wool with dilute mineral acid, usually 
hydrochloric acid, and then subjecting it to a sufficiently 
high tcinperatuic to destroy the vegetable matter, so that 
when dried and the wool shaken all the carbonised matter 
falls out as dust This process, however, costs when 
entirely carried out about I Jd. per lb., and this must be 
taken into account when purchasing the wool, and the 
farmer has ultimately to bear the loss. 

Preparation of Wool for the Market.— This is a very 
important matter, and many clips are rendered less valuable 
in consequence of carelessness in the handling and packing. 
.So serious is the question, that some time ago the Bradford 
Chamber 'Of Commerce appointed a committee to report on 
the subject and make recommendations to the wool-growers, 
and their communication was so practical and valuable 
that the author makes no apology for including it as the 
conclusion of this chapter. 
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Farmkrs and Home-Grown Wool 
Ihcommendations hy the Trade 

Owing to various occurrences, which liavc from time to 
time been noticed in the Bradford Observer^ it was 
thoif'ght desirable at the conclusion of the country wool 
season in 1900 that a meeting should be held for tlie purpose 
of discussing some objectionable practices which appear to 
be on the increase. In conscquejice, a large and representa¬ 
tive meeting of members of the wool trade from all parts 
of the United Kingdom was held on December 6, 1900, in 
the rooms of the Bradford Chamber of Commerce, at tlie 
inviUtion of the Wool Trade Section of that body. At 
that gathering a committee of gentlemen representing the 
wool trade of the country was appointed to consider the 
whole question of false winding of fleeces and the conditions 
of auction sales. Numerous meetings luive been (icld, and 
the following is a summary of the deliberations and 
conclusions of the Committee. It is hoped that British 
and Irish wool-growers will take careful note of tlm 
remarks which have been here made, and will receive 
them in the spirit in which they arc offered. 

As the Mark Lave Express very proj)erIy says in an 
article on the subjectThe wool-buyer is just as much 
necessary to the farmer as the corn-dealer. He will also 
find the wool-grower equally ncccssjiry to him. When 
two classes of persons are necessary to each other, they 
will find it well to try and be reasonable with each other. 
We trust that such a spirit will actuate both sides in this 
matter. If it docs, there ought not to bo the least 
difficulty in arriving at a satisfactory solution.” 
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The following is the summary of the conclusions of the 
Committee referred to:— 

For many generations it was the pride of the British 
and IrisB agriculturists that their wool was got up for 
tlie market in a manner superioi- to that of any othef 
country. 

In their early efforts to arrive at this pi e-cininonco our 
ancestoi-s obtained the assistance of the law, and an A^t of 
Henry provided that “No person sliall wind or cause 
to be wound in any fleece any wool not being sufficiently 
rivered or washed, nor wind nor cause to be wound 
within any fleece clay, load, stone.s, sand, tails, deceitful 
locks, cots, lambs’ wool, nor any other deceitful thing 
whereby the fleece may bo more weighty, to the deceit and 
loss of the buyer.” 

Tlie penalty for infringement of this Act was 6d. per 
fleece, which was raised to 2s. per fleece by an Act of 
Ceoi'ge III. 

Many years ago these Acts were repealed, along with 
some others which were obsolete. So ingrained had 
become the custom of getting the wool up in the most 
desirable manner, ami there was so little trouble arising 
upon this head, that the w'ool trade allowed the Acts to 
be repealed without a murmur, and the custom since their 
abolition has been for all practical purposes precisely what 
it was before. Accidents will always liappeii; there will 
always he some careless shepherds; ami probably therowill 
always bo some growers who cannot resist tlie temptation of 
selling dii't at the price of wool, but the general bulk of 
wool-growers have hitherto produced their wool for sale 
in a creditable manner, and in a manner which is the 
only one that can l>e described as the “custom of the 
trade.” 



190 WOOL FIBRE chaK 

During recent years, however, a new spirit appears to 
have been creeping in, and practices have been indulged 
in which have resulted in friction, and sometimes law. 

Some of those practices must be put dowii to the 
unfortunate anti-sheep washing agitation whicli was got 
up some years ago, and which, although emphatically 
condemned by the trade, has left behind it a legacy of 
troilble. 

Another cause is probibly to be found in the long 
continuance of low prices. It is asked by some farmers, 
"What is the use of our taking so much pains upon an 
article for which we get so little money ? ” 

This kind of argument produces a feeling of despair in 
the mind of the trader in domestic wool. Low prices are 
by no means confined to the wool tnide. But in other 
trades both producer and customer are looking around in 
every direction for any likely means of improving the 
commodity, and are trying to help each other in working 
them out. In the wool trade, however, the new school 
seem to be saying, " Prices are very low ; let us, tiierefore, 
deliver the wool in worse condition, and so recoup 
ourselves.” And so instead of their helping to fight tlie 
ever-increasing competition, we have the singular spectacle 
of the producers of an article doing their best to hamper 
and inconvenience the other branches of the trade. 

It is well to keep in mind the state of affairs as regards 
competition in wool. Leaving out the fountain wool, 
such as Scotch black-faced, which has a market f.f its own, 
and reducing all the wool to the absolutely clean or 
scoured state for purposes of comparison, the following is 
the production of competing wool:— 

United King<]oin . . 90,000,000 lbs. 

Australasia and Biver Plate 262,000,000 Ib.s. 
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Mutton is now ^0 dominant factor in the wool trade, 
and is transforming oyr long-woolled flocks at home into 
half-bred. In the Colonics and in the Eivcr Plate mutton ^ 
has givA a fresh impetus to the growth of similar wool. 
What is more, the promise of future increase in this 
direction appears to be boundless. 

In 1898 the Argentina alone bought 6£32 stud sheep 
from this country, at a. cost of j£94,323, and in the imports 
from that country may be found wool which will compete, 
with almost any class grown in the British Isles. 

When to this it is added that almost everything is done 
by the grower abroad to make his wool acceptable in the 
eyes of the Eiu'opean consumer, it does seem the height of '' 
folly that we should, by our own slipshod work, be doing 
our best to give tho importers another point or two in the . 
competition 

This is essentially a farmers’ question, for it cannot be 
too clearly undei-stood that the user will soon tire of it. 

If the practices comjdaincd of become general, and the 
grower insists upon treating his wool as a bye-product 
which is not worth any care, the inevitable result must bo 
that the British manufacturer will give increased attention 
to the vast quantity and choice of imported wools, which are 
free from the faults complained of, and in wliicli business 
is so easy to manage. Tho trader asks for nothing 
new or arduous. All he requires is an honest adherence, 
to the best traditions of the past, if he is to do his share 
in preserving the past pre-eminence of the native product. 

To do this the trader expects tho grower to observe the 
following points 

(1) The sheep should not bo allowed to run too long 
after washing before being clipped, as this means in effect 
getting the wool back into greasy condition. 
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(2) Nor should they be clipped while wet, as this takes 
away the liveliness from the fibre and causes the wool 
to rot. 

• (3) They should not bo clipped in dirty placed, such as 
barns Jittered with chaff and straw and other matters 
which get into the staple and cause endless trouble and 
annoyance. The cost of this fault to the user is serious, 
as it is often impossible to get this foreign matter out 
without the use of chemicals. 

(4) When the fleece is woun<l, no dags of earth or dung 
should be left on the fleece, nor put in whilst winding. 

(5) No locks, tailings, skin wool, black, or cots should 
be wrapped up inside fleeces, nor greasy wool wrapped up 
inside washed fleeces. 

(6) The fleeces should be tied up with bands made by 
twisting a portion of the fleece itself. Strings composed of 
vegetable matter, such as hemp, jute, etc., arc bad, and 
ought not to be used. 

The most careful manipulation by the manufacturer 
often fails to detect small pieces of string, which do not 
make their appearance until the cloth is dyed, becjuise the 
dyes which are required for wool will not do for vegeUible 
ma,tter. Pieces of doth are often damaged in this way to 
a, very aggravating extent. 

All the farmers of the United Kingdom can tie up 
their fleeces with wool bands, and have done so for 
generations, with the exception of a few western and 
southern counties. In the latter there is not only a 
perverse adherence to the iiso of string generally, but an 
amount of ingenuity in using the worst kind of string 
for the purpose—such, for instance, as reaper or binder 
twine—which in any other trade would bo called wanton 
mischief. 
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Even our gim* competitors at the Kiver Plate have' 
opened their eyes to this evil, and they do not forgot to 
advertise tlic public that their wool is thoroughly skirted 
and without stritigs. 

In round figures, the total average production of 
wool in the United Kingdom for many yeai-s has been 
138,000,000 lbs. per annum. The amount of this exported 
lias been 20,000,000 Ibi?. per annum. 

Probably not one bale of this wool could have been 
exported unless it had fulfilled the condition.s specified 
above. Our best customer is the United States of 
America, whose manufacturers cannot alford to pay 5.',d. 
per lb. duty on dirt and dting, and whose labour is too 
co.stly to be wasted on picking out chaff and string.s. 

One satisfactory outcome of the discussion is that the 
auctioneers of wool have met the Wool Trade Committee, 
and have agreed with them upon a definition of what 
constitutes “unfair packing.” A large quantity of our 
clip is now jold by auction, and it is obvious that in these 
cases a thorough examination of the insides of the fleeces 
would simply stop business. The wool has hitherto been 
bought, tlicrefore, on the well-known basis of condition 
which has so long been the custom of tlic trade. Py the 
new conditions of sale the auctioneers will reserve the 
right to make allowances to the purclaser for any damage 
arising from such practices as arc condeinnc<l in articles 
4 and of th^ Wool Committee’s Keport. 


VKfJETAULK Matter in Wool 

An influential meeting of Australian and New Zealand 
wool-growers, British and Continental consumers and wool- 
brokei's, was held in London on Octoher 2, 1907, to 
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consider complaints from the manufactliring users of wool 
in Europe and America of tho presence of vegetable fibres ■ 
in wool imported from Australasia and other woo]-growing 
countries, and if possible to devise means to remedy the 
evil. 

The nature' of the evil was explained. Small bits of 
bagging and string became mixed up with the wool, and 
though the utmost care be taken itj the “ sorting ” to pick 
these out, some of them pass with the wool through the 
washing process, and so through the combing, sjjinning, 
and weaving, because these fibres are then quite in- 
(listinguishablo hy the naked eye. W’hon the manufactured 
cloth comes to be dyed, the jircsence of these vegetable 
fibres instantly declares itself, because wool being an 
animal fibre “takes the dye,” while these vegetable fibres 
remain white, or nearly so. Such goods arc imjierfoet, 
and in that condition quite unmerchantable. Often there 
is not a single yai'd of the cloth without its blemish, as 
some dyes used fm- vegetable substances, as cotton, linen, 
are not suited for wool, and conversely. 

To remove these <lefects is an exceedingly slow, 
laborious, and costly process. Every such fibre must be 
patiently picked out of the woven piece hy the deft fingers 
of the “ burler,” it being impossible to detect the jute fibres 
in any previous operation. The utmost care must be used 
not to injure the cloth. It is an operation most trying to 
the eyes and calling for great skill. Some fiynis pay many 
thousands of pounds annually in wages to “burlers,” as the 
women are called who do this work. If these fibres could 
be kept out of the wool in the first instance, this heavy 
annual tax upon tho industry would almost cease. 

If the manufacturer who suffers in this way were him¬ 
self the purchaser of tho wool, he would undoubtedly long 
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since have found a'rcmedy by enforcing reform. But the 
trade is now so specialised that it would be impossible to 
trace ba^k the wool to its source. The buying agent, the 
topmakcr or importer, the comber, the spinner, all handle 
and blend and mix the wool before it comes into the 
hands of the manufacturer as yarn. Even* manufacturers 
who perform all the operations themselves cannot escape, 
and, as explained aho\^, tlic defects are not visible until 
the mischief is done. liciicc the ai)S()lute necessity for 
dealing with the evil so that it may he attacked at its 
soni’ce. 

lUu' flie jlHxchv'f is raiise'l 

Vcgctahle substances which are fomnl at various times, 
under varying conditions and in greatly vaiying <|uantities, 
may be divided into two classes 

1. V'^cgotablc substances in their natural state, such 

as burrs, grass sced.s, thorns. 

2. Vegetable fibres in more or less artificial association. 

With regard to the first class, it may be stated that 
many ingenious ajid cosily ineclianical devices have been 
invented to get rid of the.se things. The Yuiksliii'c Wool- 
coml)Crs’ Association, Limited, paid £00,000 to a French 
syndicate for the English patent rights of a process for de- 
bnrring wool; and many times this sum has been spent in 
the same quest. The most ellective way is to “carbonise ” 
or “extract” such substances ])y tliC use of acids. This, 
however, inevitably injures and deteriorates the wool 
fibre itself. In practice it is only ajiplied to such wools 
as are “full of burr” or seed. It is a process not to be 
seriously contemplated in connection with the better class 
of wools—the combing wools which fetch the liighest 
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prices—hence the great pains and cost Inclined to get rid* 
of these substances by mechanical means. 

The .second class of fibres find their way into Jhe w'ool 
by man s assistance. They are ctjually, nay, even more 
detrimental and more ditticult to eliminate. They aie 
usually either J'ute, hemp, or cotton. ' They are found as 
' Pieces of bagging. 

Picce.s of rope or twine used iii tying fleeces. 

Pieces of .sewing twine. 


Shreds of bagging, twine, etc., more or less 
abraded, which have been gathered up from the 
floor of tlie shearing shed, the warehouse, or the 
cpiayside with wool which has been pulled out 
tor sampling or has escaped through damage to 
the tare. 

These fibres are more ditticult to deal with, because— 

They arc often too minute to be seen except by the 
aid of a magnifying glass; 

They are, especially if unravelled, often not unlike 
greasy or dirty wool in colour; 

They are frciiuently so numerous and so distributed 
over the surface of the wool when the bale is first 
opened that it would he practically impossible, .at 
w'hatever cost of time or labour, to pick them all out; 

When, after the w'ool has been “sorted,” it goes 
through the process of w'ashing, the fibres become 
softened, detached one from another, and are 
bleached as white as the wool itself, so that they 
cannot again in any subsequent process be readily 
detected by the eye; 

Being straight, fine fibres they behave like the wool 
fibres, and are ultimately spun into yarn with the 
wool. 
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The most carefifl investigation has sliowii that the great 
bulk of the mischief is traceable directly or indirectly to the 
iinsuitaVc character of the wool-pack in common use in the 
colonics. 

This jiack is of jute, and the (piality has steadily 
deteriorated for many years. But the deterioration has 
been more pronounced since the price of jute began to 
advance. A sliortcr fibre is now used, and the bagging is 
not so hard or “ clean " as it used to be—it is more “ fuzzy.” 
If a new pack be rubbed against the sleeve of a dark cloth 
coat, it will at once be seen that a number of fibres have 
conic off the bag and are sticking to the coat. When a 
bale of wool is opened it is found that the surface of the 
wool which for three, six, or nine montlrs has been in close 
contact with the tare is frequently covered with thousands 
of such particles of jute fibre. 

Whenever ami wherever the pack is cut the material 
of which it is made fraj^s, little bits come oil’, and stick to 
the wool. , 


llenmVm f»r the Evil 

First and foremost the general adoption of a wool-pack 
of such a character that it will not depreciate the value of 
tlio wool it conUins. The committee arc ])ursuiiig inquiries 
in regaixl to the provision of a better bag. They hope 
shortly to h^ able to give fiirtlier information and^ 
recommend an improved wool-pack and sewing twi^ r 
general use. / 

The adoption of such a stanilard pack, made^ od, 
clean, hard twisted jute or hemp yarn, carofullf {so 

that the pack does not need to ho “ cut dowiX the 

corners in the baling press, and provided with a\ rate 
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piece of canvas for the top of the baft, would do a vast 
deal to mitij^ate the evil. 

The systematic emptying of the pack before,it is put 
into the ])ress. It is found that frc(pieutly bits of the 
canvas and the ends of sewing twine come inside the new 
packs from the factoia’. Care sbonld bo taken to sec thiit 
the^e are shaken out. 

In the shearing shed, in tlie ctassing and [Kicking of 
wool, the utmost care should be used to prevent loose bits 
of twine, rope, or ijagging coining near the w«>ol, or being 
swept up with wool from the Hooi*. 

The tying of tieeees ought to be a\oi<led eiitiiely. 

AH straw, etc., should be carefully removed from the 
sliearing place ))efore shearing commences. 

In stores and warehouses w’liere l)alcs are exposed for 
sampling, the necessary opening of the tare should 1)C done 
so as to damage it as littl(‘ as [lossible. Bales shouhl l>e 
opened at the se^'ins l)y cutting the sowing twine ; and all 
the frayed edges and loose bits should be removed ami 
destroyed. 

It is recommended that printed cards should be ino- 
vided for lianging in shearing she<ls and warehouses in the 
following terms:— 


I'or Shci'nii'i Flirds 

1. All straw, etc., should be carefully removed fi-oni 
the shearing shed before actual shearing is 
begun. 

3. Turn out each bag before packing the wool, and 
see that it is clean and free from bits of hemp. 

3. Loose bits of twine, bagging, or straw should bo 
carefully kept a[)ait from the wool. 
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For irari'/ioJi.^c.s 

1. All bales must bo opciie'l at the seams only by 

* cutting the twine. 

2. Any frayeil edges or loose pieces of string should 

be removed carefully and at once by men whoso 
special care it is to watch the wools wlien “on 
show.'’ ^ 

o. Warehouse “pullings” should be carefully looked 
over before being restored to the bales. 



('IFAFTER ..IX 

MKCIIANIOAL STKUt'TUKE OF TllIC WOOL 
FIBKK 

It has been seen that the (.Uffereiice between wool and hail' 
is mthcr one of degree than kind, and that all the woid- 
bearing animals have the tendency, when their cultivation 
is neglected, to inoduce hair rather than wool. This 
tendency also always manifests itself whenever the con¬ 
ditions of soil and climate are unfavourable to the fullest 
development of the animal. 

Difference between Hair and Wool. -There is 
indeed great difficulty in giving any real definition which 
will exactly cover the dill'erence between wool and hair. 
They have almost identically the same chemical com- 
.position, and to the unpractised eye they are almost 
equally difficult to dislingui.sh by their mechanical 
stnictnre, because the fine hair in some animals is very 
like wool, and the coarse wool on others closely resembles 
hair. The softness .and pliability which is so remarkable 
in some wools is absent in othens, and some true h.airs are 
quite as soft and silky. The very fineness of the fibre 
cannot in the same way be relied on, as we have true 
wools which range from the very finest fibres of the 
Saxon Merino up to the longest locks off the flanks of 
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tho Lincoln ram, which are as coarse and thick in 
diameter as any of the hair-hearing goats. In the same 
way c^on the curl in the lock, which is perhaps tho best' 
general and rough distinction between wool and hair, is 
found to pertain in some true hairs if we are to take the 
method of attachment of tlie epidermal stales of tho fibre 
as any fixed guide, Colour and degree of transpareneji also 
cannot he relied upon, as we have as great variety in hair 
as in wool, and even tho lustre is apt to deceive, because 
we have an almost metallic lustre in both. The Mohair is 
a true wool, if wo arc to take the arrangeincnt of tho 
scales as a guide, and the Alpaca wool is much nearer 
allied to true hair, and indceil many of the fibres are 
such, and yet both are distinguished liy their high 
lustre. 

Shedding of Hair. -Some writers have endeavoured 
to distinguish between wool and h.air by the periodical 
dccidenco or falling off of the latter, which ap])ears to 
he much more regular and periodical than the former. 
Wo see this in the case of the horse and cow; and this 
periodical shedding is much more markcil in the case of 
the animals in tlieir wild state than when they are 
domesticated. When under domestication many of these 
changes arc modified, and in the ease of man at any rate 
there is no periodical falling off of the hair. When in a 
wild state, or in tho more neglected breeds of sheep, there 
is no doubt a periodical moulting or separation of the old 
pelt or fleece from the growth of new wool bcnc.ath, and 
at the commencement of summer this would gradually be 
thrown off if the sheep w.os not shorn, but in the more 
cultivated breeds this tendency is much less marked, and 
in some cases so entirely disappears that the wool will 
continue to grow from season to season. The reason is 
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probably ibis : when under natural conditions the sheep is 
much more exposed to the effects of tlie ililFereiit seasons 
of the year, both in regard to the inclemency of the 
weather, and more tlian all tlu^ scarcity of food, and this 
produces a marked effect on the strength and tliickncss 
of the wool tiVc. \\’hen the winter season is over, ami 
abun.dance of foo<l becomes again ])ossihlc, tiic wool in¬ 
creases in strength and shedding occurs, tlic libre separating 
at the Aveak places. Indeed, amongst some savage jaecs 
this knowledge that starvation produced a deterioration of 
the fibre Avas turned to account, hcfoi’c the intioduction of 
shearing, as a means of obtaining the fieeco from the 
sheep, 'i’he animals Averc confined Avithout food for some 
days until a short gi-oAvth of weak and dehiliiated liair had 
been produced, and thus the ffeecc could readily bo torn 
from the surface of the skirt. 

This definition of avooI and hair, howttvor, cannot Ito 
accepted as really tlistinctivc, as there arc numerous 
exceptions amongst aitiinuls which bear both lihres. 
Although no definition of llie difference between them 
is <|uite possible, those avIio are accustomed lo Avurk 
amongst avooI iiave no difficulty practically in telling the 
difference. 

The true distinction hetAvecn avooI and hair, indeed, 
seems to he principally in the way in Avhich lire scales 
on the surface of the libre arc attaclicd to the body of 
the fibre, or rather to the cellular mass of the fibre which 
lies immediately beneath them, and Ave can best under¬ 
stand this by dealing with the first division of our 
subject, viz.:— 

I .—JFhat is the iijinad slrndure of a wool fibiy ? 

To ansAver this question it is necessaiy to look at it in 
a twofold aspect. 
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A. In regard’Lo the inccliiinkal iinarigenictit of its 
ultimate [larts. 

I>. Jti regard to its chemical compusitioti. 

Structure of Wool —A. ’Wool and iiair are simply 
modifications of the same epidermal excrescence, and we 
Iiavc already ahnost anticipated what caiiJje sai<] definitely 
in regard to the typical structure of the wool filwe in 
Chapter I\\ There fva; saw that the fibre of true wool is 
always covered with numerous hirications or scales, the 
upper extremity of whi(di are pointed rather than rounded 
in form, and which may he seen distinctly in the fibre 
delineated in Fig. 15. The .scales also have a much larger 
free margin than in the case of hair, being only attached 
for about one-third of their length, and in many case.s the 
free ends are more or less turned outwards, so that they 
pre.sent a much more serrated or denticulated edge. The 
interior portion of the fibre, liowcver, dill'ers in no respect 
from hair, and cannot be distinguisljed fiom it, as there 
are many wools which ditier in regard to the central part 
in the form of the nucleated cells just in the same way 
that diflerent hairs do. We shall aftcr-waicls see, when 
w'C come to aiiotlrcr part of oiir sulrject, that there is a 
very wide diflcrencc in the structuie of dillcient wools in 
regard to the nature of the scule.s and tlieir distribution 
on the surface of the filwe, ami also in regard to their 
number and sti'cngth. Wc .shall also find that the 
sti’ucture of the libres taken from diffei’cnt parts of even 
the same animal exhibits different moditicatioiis l»oth in 
regard to the thickness and length of the fibre as well as 
its surface covering. The wool filnc i.s a long cylindrical 
structure, which varies in length and diameter in different 
breeds of slieep. In some it i.s only an inch or thereabouts 
in length, and in others extends to a yard or more, while 
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the variation in diameter is from of an inch in the 

finest' Saxony to •r 5 \j-tli of an inch in the coarsest part of 
some of the deep-grown English and foreign wool^,. Wo 
shall look at this variation more particularly farther on. 
In the first growths of the wool, as is the case before 
shearing, the fil^rc has a 'more or less taperc<l form, and 
terminates with a pointed or rounded end. After shear¬ 
ing, as in wether Hceces, however, die thickness is more 
or less uniform from end to end, but still irregular, as the 
health of the animal and the conditions under which it 
is placed have a considerable effect in this direction. 

In looking at one of the best types of wool fibre we 
are struck with the beauty of the wlndc arrangement, 
by means of which lightness and strength, as well as 
pliability and brilliancy of surface are secured. This 
beauty of structure is wonderfully revealed when we 
carefully examine tlic cross section of a hair, as exhibited 
in Fig. 8. 

In the central portion of the structure we have a strong 
cellular axis, which is usually composed of rather larger 
cells than those which iinmediatcly suiTOund it. All round 
the cellular axis the mass of elongated cells, which form 
the bulk of the fibre, are arranged in compact regularly 
distributed masses, usually appearing to increase rather 
in size, and diminish somewhat in density, till we reach 
the scaly part or outer margin of the fibre. The closer 
arrangement of the fibres surrounding the central cells, 
and which forms tlie cortical substance of the hair or wool, 
enables the fibre to stand the crushing action which is 
-always present when a cylindrical structure of any appreci¬ 
able diameter is .subject to flexure, and the huger cells and 
less dense arrangement on the outer surface render those 
parts more elastic, and therefore better able to withstand 
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the flexure which* they must undergo when extended' or. 
compressed hy the same action. The section of a wool 
fibre (^dfers from that of a hair in liaviiig much less 
frequently a development of tlie central cells, so that in 
well-grown and true-bred white wool the cells forming 
the cortical structure consist-of cells \j-ith tran.sparent 
laminated walls an<l hardly any trace of a nucleji.s,— 
indeed, even when acted upon by alkalis so as to dis- 



Kh;. 47.—Transverse JiM'cliitii of Wool KiUre (Lincoln Hog). 

X IfiO iliumelers. 

Sliowiiig Uio clifsely iwktul iniiisiniiiulc-'lls with ouli-r shvaMi of scales. 

integrate the celts from each otlier, they have the appear¬ 
ance of tran.s])arcnt jelly-like elliptical bodies, which vary 
in length from .j jyth to ;’mth of an inch, and in diameter 
from j j'lKith to probable that 

when thus treated and separated from each other these cells 
arc enlarged or swollen more than when arranged witliin 
the fibre. The appearance of a cross section of a wool 
fibre is something like what is represented in Fig, 47,^ 
where it will be seen that the cells arc smaller and less' 
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marked than in the hair section. The arrangement of 
scales upon the surface, the free margins of which can 
slide over each other, sec\irc the greatest amount of lil^crty 
to the surface of the fibre, without any rupture of the 
covering, which would undoubtedly be caused by any more 
rigid arrangement of the epidermal part. The greater 
softness and pliability of the wool fibre, as compai-cd with 
the hair whoi'e the free margins are less, is a striking 
proof of the value of this arrangement. 

'Phis peculiarity of the structure of the wool fibre has 
been kjiown for a con.si<lerable length of time, although 
its importance and the exact nature of all the ])cculiarities 
which it exhibits have only been the subject of careful 
examination within comparatively recent years. 

History of Structure. -As early as IfiC-t l>r. Hooke 
read a [)aper before the Koyal .Society upon the structure 
of various hairs, but the microscopic power at his command 
was only limited, and the oliscrvations consccjucntly very 
incorrect. He considered the substance of hairs to be 
solid. About the year IG90 Leeuwenhoek turned his 
attention to hairs and wool; Imt although he figures in 
his works several s])ecimons, they are not correct, probably 
because of defective instmmeuts foj- examiuation, as he 
was a most careful nl^servcr. About the year 1742 Henry 
Baker, F.K.S., read a jjapei’ otj the .sul>jcct before the 
Koyal Society, but little advance was made until the 
invcntiori of the compound microscope and Ks im[»rove- 
mont at the beginning of this century. Mr. Vouatt, 
whose work on sheep has already been mentioned, claims 
to have been the first person who really discovered the 
true nature of the surface of the wool fil)re. We give 
it in his own words: “On the evening of the 7th 
February 18*15, Mr. Thomas Flint, woollen manufacturer, 



IX MECHANICAL STRUCTURE OFlVOOl FIBRE 207 


Leeds; Mr. Synibnds, cloth agent, ot London; Mr. T. 
Millington, surgeon, of London, an esteemed friend; Mr. 
EdwartJ Brahj-, veterinary surgeon, at that time assisting 
the author in liis practice; Mr. AV. H. Coates, of Leeds, 
veterinary pupil; Mr. Powell, the maker of the microscope; 
and the author himself, were assemhleiUin his parlour. 
The instrument was, in Mr. Powell's o])inion, the»hest 
he had ever made. ‘A fihro was taken from a Merino 
dccce of three yeans’ growth. The animal was lirf"' hy, 
and hclonging to Lord Wcstci'ii. It was taken without 
selection, and placed on tlie frame to lie examined as a 
transparent object. The [lowcr 300 diameters was used, 
and the lamp was of the common tlal-wicked kind. The 
focus was readily fouml, as there was no trouble in the 
adjustment of the microscope, and, after Mr. Powell, Mr. 
Flint had the most perfect ocular demonstration of the 
irregularities in the surface of wool^ the palpable proof 
of the cause of one of its most valuable properties—the 
disposition to fell. The fibre assumed a flattened, rihhon- 
like form. It was of a pearly-grey colour, darker towards 
the centre, and with faint lines across if. The edges 
wore evidently hooked, or, more properly, serrated; they 
resembled the teeth of a fine saw.” When examined as 
an opaque object with a view to determine the cause of 
this serration, “we were jireseiited with a beautiful 
glittering column, with lines of division across it, in 
number an^ distance corresjionding with the serrations 
that we had observed in the lihre that had been observed 
as a transparent object. These were not so marked as the 
inverted cones which the hat’s wool presented, but they 
were distinct enough ; and the apex of the superior one, yet 
comparatively diminished in hulk, was received into the 
excavated base of the one immediately beneath, while the 
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edge of this base, formed into a cup-like shape, projected, 
and had a serrated or indented edge, ])caring no indistinct 
resemblance to the ancient crown. All these prQjocting 
indented edges pointed in a direction from root to point.” 

The illustrations which are given in Mr. Youatt’s 
work of the microscopical characters of various wools 
are most certainly the best which had been given up 
to that time, although in some respects they evidently 
exhibit a wider dilFeretice in allied wools than is found 
in the average fibres. Since then, howevoi’, much better 
illustrations have been given in various works on wool, 
such as Dr. Lankester’s lectures at South Kensington 
Museum, various treatises on the microscope by Dr. 
Carpenter, Dr. Hogg, and others, and especially in the 
Micrographic DidioDarg. Most of these illustrations, 
however, arc only drawn with low powers, and mostly 
apply to “ wool in general ” rather than “ wools in 
particular.” 

Scales on Wool. —When wc examine a fibre of fine 
lustre wool as an opaque object under the microscope, 
it forms a most beautiful picture. If the surface lias 
been thoroughly cleaned, so as to remove all the natural 
grease from the surface, it appears, when the light is 
properly thrown uiioii it, like a laminated surface of 
silver. The scales liave an.almost transparent look, and 
a smooth, lustrous brightnes.s, which well accounts for 
their excellent reflecting properties. Before preparation, 
and in the natural condition as the wool grows upon the 
back of the sheep, the scales, covered as they are by 
the natural oil, adhere more or less to the shaft of the 
fibre, and their transparency and thin edges, especially 
in the finer classes of wool, render them almost invisible, 
except as fine anastomosing lines across the diameter of 
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the fibre. When thj wool is, liowever, treate<l to remove 
the greq^e by boiling in weak caustic alkali, the scales 
become more or less loosened from the surface, and we' 
can then sec their arrangement more distinctly, and the 
method in which their attjichment <liffer.s from that of 
hair. When powerful micro-scopical powe#' is used the 
surface of the scales is found to present a more or kss 
reticulated or ])itted api^earance, which is much increased 
by the continued application of the hot alkali. This is 
the cause why too much washing injures the lustre of 
the wool. The action of the soap and hot water upon 
the surface of these fine scales destroys the continuity 
of the reflecting surface, and causes it, like any rough 
surface, to disperse the light instea<l of reflecting it in 
solid sheets. Tlic property of lustre in all wools is indeed 
one of <legree, and is much more dependent upon the 
ch.aracter of the surface of the individual scales upon 
'viueh light falls than upon either their number or 
arrangement^ w\s a I’ule, however, in the case of wool a 
fewer number of scales is accompanied by an increase in 
lustre, because the reflecting surfaces become larger; but 
in some cases, as we shall afterwanls sec, and especially 
in the coai-ser variety of wools, the larger surfaces of the 
scales arc accompanied by an increased roughness in 
the texture of the scales, and thus the dispersion is 
increased in this way to a greater degree than is 
com{)ensated iov by the larger surface. 

When the scales themselves are carefully studied 
under a variety of diflferent illuminations, it is found 
that they present considerable difTerences in regard to 
their thickness and transparency. In the case of some 
wools the scales have almost the density and texture of 
ivory, which, indeed, they closely resemble; while in. 
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others they have the appearance of opal glass, and we 
can easily detect the reflection of the light bpth from 
♦the upper and under surface. When the scales arc very 
thin and transparent we have also frequently the production 
of iridescence or coloured fringes to the margins of the 
scales, which give them almost the appearance of mother- 
of-pearl. These fringes arc, however, too small to affect 
the general character of the light which is reflected from 
the surface. The transparency of the hair and its colour 
is largely deirendent upon the mechanical arrangement 
of the cells within the cortical part, and when this is 
disturbed both are altered. It is well known that if a 
white transparent horse-hair is stretched beyond a certain 
point it will obtain a permanent set, become suddcidy 
opaque, and of a bluish-green colour, and very brittle. 
This probably arises from the rupture of the surfaces of 
the cells from each other, which breaks the optical continuity 
of the cortical substance, While the effect produced upon 
the light by the mechanical arrangement apd structure 
of the surface of the wool is to a large extent the cause 
of the lustre, there is no doubt but that the chemical 
composition and nature of the individual scales, as well 
as of the immediate surface, is also importiuit, because a 
very small change, occasioned by the action of various 
reagents upon them, has a very great effect upon this 
property of reflecting light. Nor is the immediate surface 
of the wool all that is concerned in the production of a 
lustrous ajipearance, because in the case of many wools 
which have perfectly transparent and lustrous surfaces, 
this is modified by the structure of the cortical part of 
the wool, and more especially by the existence of pigment 
cells, which form more or less dispersive ithints, and so 
^tend to modify the general appearance of the reflection 
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from the surface. In some cases these pigment cells only 
tend tc^increase the lustre, especially when the light is 
falling at certain angles, because they return the rays 
which would otherwise have passed through the more 
transparent fibre. The colour of these pigment cells also 
has something to do with the brilliancy," because some 
colours naturally reflect more light than others. Tills is 
not, however, of much'importance to us as technologists, 
because there are very few coloured wools which are used 
in their natural condition, as they are seldom Employed 
except into fabrics which have to be artificially dyed, and 
it is therefore of more iraportonce to know how these 
naturally coloured fibres deport themselves in regard to 
dyeing materials than in regard to light before dyeing. 

Cortical Structure.— Just as there is a considerable 
difference in the number and size of the saales or flattened 
cells with which the surface of the wool fibre is covered 
in different breeds of sheep, there is also a difference in 
tl.ie mechanical structure o^ the cortical part of the fibre. 
In some wools these cells are considerably larger than in 
others, and the cells themselves, when subjected to the ' 
action of reagents, present different appearances so far as 
the relation between diameter and length are concerned, 
as well .as the thickness of the cell walls. These walls 
themselves appear to consist of more or less concentric 
rings of transparent matter, which vary in thickness from 
n„',;-iyth of am inch to a degree of tenuity which exceeds 
the power of measurement. As in the case of the cotton 
fibre, however, it is not possible by any microscopical 
power at command to distinguish the texture of the' 
ultimate layers of which these cells are composed, and 
which, so far as can be judged, seems to be a continuous 
membrane, which is, however, capable of permitting- the 
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passage of liquids throiigh it, and thus acts as a dialyser. 
Although the cells are closely |mcked together-and do 
not seem to have any perfectly regular or systematic 
arrangement, they arc attached at their outer surfaces in 
such a way as to witlistajid an immense si rain, as we shall 
afterwards see when considering the j>ower to resist 
tension in the diflerent classes of wool. When subjecto<l 
to tension, liowcvcr, the surfaces s'eem to be able U* slide 
over each other, the cell-walls become more attenuated, 
and the 'nuclei moi’o elongated, so that the whole cell is 
drawn out and tlie diameter of the fibre l)Ccomes less. If 
the tension is continued till fracture occurs, it seems 
generally to take place at the point of junction of the 
various cells, and not by the rupUire of the cells themselves. 
In all cases after the fracture of a fibre where subjected 
to the action of reagents which showed tlic individual 
cells, it was not possible to detect in any case that the 
cells themselves were fracUired. They seemed to have 
pulled out fj'om amongst each other, and the spiiullo- 
shaped ends of the cells, where they had interlocked, 
were still visible, protruding from the fracture«l snrfa<e. 
When examined under the microscope the metlio<l of 
fracture of a wool filu’C. differs entirely from that of 
cotton. In' the latter, tlie fibre being a hollow tube, 
collapses, and then usually fractures iit one edge first; l)Ut 
the more solid and complicated wool fibre resists the 
strain more equally and fractures along tlie ^veakest part 
of the filire at the junction of the scales, which appear 
as if torn out of the sockets. All fibres when closely 
examined are found to vary considerably in tlic diameter 
of the different parts, and although the fibre usually 
breaks at t.lie thinnest part, it is by no moans universal, 
as some parts of the fibre which are large in diameter 



IX MECHANICAL STRUCTURE OF WOOL FIBRE 213 


arc sometimes apparently softer in texture, or at any 
rate les^rigid to resist longitudinal strains. 

Strength of Fibres.—In order to determine the 
strength of the fibres of various kinds of wool, the author 
got a machine constructed on the j)rincij)Ie of tlic steel¬ 
yard, so that he could measure the limit i?f the elasticity 
of the fibres as well as the breaking weight. Fig. 48 gives 
a good illustration of tins machine. 

A is a base board of mahogoiny upon uhich is fi.xod 
a pillar, Ik The top end is forked into a jaw,* carrying 
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on each side a screwed centrepiece, into wliit'b is fixed 
the fulcrum of the lever F (JII. dliese two centrepieces 
can be screwed closer together, or fiu ther apart, as required, 
and tlie pivot which forms the fulcrum of the lever is 
pointed at each end, and fits into a hollow in the tw'o 
ends of the*centrepieces, so thiit it works perfectly free, 
and yet can ha^e no lateral motion, as would be the case 
if knife-edges were used. The lever, 0, is divided into 
five equal parts, each of which arc equal to the distance 
of the centre of the jaw, E, from the centre of the fulcrum. 
1.) is a balance weight to connter])oi.se the longer arm 
of the lever, C. hkich of the five divisions of the lever, 
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C, are divided into ten parts. The range of tlie instrument 
depends upon the weight of the sliding weight,and 
this can be varied at pleasure. Three different weights, 
were used, viz. 50 grains, 100 grains, and 1000 grains, 
and Uie range of the instrument with these different 
weights was therefore as follows:— 


Weight. 

First 

Seeoinl 1 

Thml 

Foiirlli 

FifUl ; 

Division. 1 

Divisinii. 

Division. 

. Division. 

Division, j 

Gi's. • 

Grs. 1 

1 Ors. 

Grs. 

(ir.'. 

tlrs. 1 

50 

i ' 50 1 

1 100 ^ 

150 

200 

250 

100 

; 100 j 

200 

300 

400 

500 j 

1000 

1000 ' 

2000 I 

3000 

4000 

5000 


By iising tlie internic<liato decimal <livisions of spaces 
on the lever, we obUin, in the case of the 50-grain weight, 
an increa.se of 5 grains for each division; with the 100- 
grain weight, 10 grains for each division; and with the 
1000-grain weight, 100 grains for each division; and a 
little practice with the instrument enabled h.nlf of these 
divisions to be easily used, so that the range was from 50 
grains up to 5000 grains, with difference of not less than 
2‘5 grains when the 50-grain weight was used, 5 
grains when the 100-grain weight was used, and 50 grains 
when the lOOO-grain weight was used. 

At the end of the lever, C, a graduated scale, G, was 
placed, divided into spaces which enabled the elasticity of 
the fibre to be measured in terms of the distance of the 
two jaws, E and F, from each other. This distance was 
fixed at two inches. A separation of the jaws to the 
extent of one-tenth of an inch marked half an inch on the 
scale, and thus enabled very small ninges of elasticity to be 
readily seen. A small stop, which could bo adjusted by a 
thumbscrew at the back of the plate, was inserted in a long 
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slot in the divided pl.'itc, so as to prevent the fall of the 
rv\r whV the point of fracture was reached. Wlicn the 
inacuine wk'J used, the iibres to be tested were fastened into 
the two jaws, E and I'’, l)y relaxing the small set-screws at 
the side and opening the space between the two planes of 
which each jaw h composed. Tlio length of the fibre 
between the two jaws was rongldy adjusted until iho 
pointer at the end of the ]e\'er arm pointed to 1 on the 
scale, (i. A trial was then made of a number of the fibres 
under examiuatioti, so as to jmlgc roughly of the elasticity 
and l)real\itig weight. When this was ascerUined a series 
of fibres were selected, and tlio adjustment lietwcen the 
jaw.s made as accurate as possible. The weight necessary 
to fractuie the fibre, whicli had previously been roughly 
ascertained, was tiien accurately determined, as tlie rough 
adjustment had enabled the necessary weight and part of 
the lever on which it was necessary to place it to be ascer¬ 
tained, and thus niueh time was wived. When moving 
the weight ulong the aim in the final cxj)eriments, a fine 
silk thread was used to raise it witii, attached to the ring 
wliich slid along the levei\ and tlms any jiressnre from the 
fingers, either horizontal »>r vertical, was avoided. In 
making the cxpcriiuents, it was found that very few fibres 
were eipially sound tlirougliout, - tiiat is to say, that if, 
when the fibres were long enougli, two inches were taken 
at one end, then two inches or multiple of this numlicr from 
the middle oi the fibre, and then the same quantity from 
the other eml, that there was considerable variation in the 
breaking weight as well as the elasticity in each of these 
sojMirate two-inch lengths. Both these qualities depend on 
the weakest j)art of the fibre, and some fibres fractured 
almost at once and exhibited little elasticity. In the tables 
which follow, however, the soundest and most uniform 
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fibres whicli occurred in the lock were taken, and when this 
was done there was found to be a considerable ilegree of 
uniformity both in the breaking strain and in the elasticity. 
It was found also that both these qualities were considerably 
affected by the hygroscopic state of the fibre, and so as to 
ensure a uniform comparison, all the locks of wool to be 
experimented upon were kept in a uniform temi>eratui“e of 
60“ to 65“ F., and all were taken from locks of wool out of 
the fleece uiiscourcd, and therefore containing the nutui-al fats 
within the fibre. In measuring the diameters of the fibre 
before and after breaking, a .series of experiments wei'(! made 
on the diminution in diameter n hen the fihi e was subjected 
to strain without br(!aking, so a.s to find out at what propor¬ 
tion of the ))rcaking strain the fil>re obtained a pernjaiienl 
set. Up to a cerUiin point the fibre, when released from 
strain, regains its diameter by tlie shrinking in of the cells, 
but after a certain ]>oint it ceases to <Iu this. Few fibres of 
ail) wools stretclied equally along the whoh^ e.vtent 

of the fibre, but wnen jeeted to strain disclosed thin 
and thick places, that is, Icngtlis of greater ami less 
elasticity, and the rneasincnients of these were taken and 
averaged, after the fibre was broken, in the same way that 
the diameter was averaged when measiuing previous to 
breaking, and before putting into the jaws of the machine. 

I’lic following tables give the result of these experi 
ments:— 


[Taijl!-: 
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f ^0( 


KtND OF Wool 


I }liniiaii Jlilir 


i Avi:l'fl.''c 


; Lijii'uln Wool 


Average . 


( Loicchtvr \\'ool 


I Averao,, _ 


! Nortliiiinbei'laji(] 

I ^Vool 


Avora'fc . 


Soutlidowji Wool. 


j Average. 


■ ' L*| • "iil'lliil/a ! J>i;uni.'l.T I i 

: IJn-ukii.o ,,,fHbre ofFihir . 1 

.Sti';iiii _ aft.T I I 

' ill <iiaiiis, luptikiii'' 

j ol l,<-nxl!i. ;iii JJiritti.'iLs in lir-cimals'I"Cli.; 

I :Ol';in liidi. uf:ui IiidiJ ' 


1«)80 
1750 
1 ■!:{♦: 
16:^0 ' 
1720 

I (>41 

580 

420 

r.io 

r.3:{ 

4or. 


■371 

-m 

-m 

■343 

•371 


•210 

•288 

•;!13 

■310 

•270 


•00312 

•003r.3 

•00301 

•0032.-; 

•00342 


••00233 
•00270 
■00241 
•00270 
•00283 


■00059 

•00078 

•00080 

•0005f> 

•00059 


•<t0332 •00270' ' -00062 


•00185 

•00173 

•00196 

•0()18.'< 

•00165 


•00161 
•001.52 
•O0167 
•00166 
‘00150 


.502 

■281 

•00181 

•0015!' 

180 

•240 

•00175 

•00131 

45.5 

‘275 

- -OOIM 

•0<iI22 

500 

•300 

•00182 

•00158 

122 

•280 

■00163 

•00141 

510 

•270 

■ •00158 

•00138 

173 


■00164 

•00138 

420 

•:‘2i 

•00113 

■00120 

330 

•310 

■00161 

•00121 

540 

•265 

•00148 

•00132 

118 

•250 

•00136 

•00118 

110 

•300 

•00155 

•00132 

129 

■270 

■00149 

■00125 

82 

•230 

•coioi 

•00090 

75 

•320 

•00094 

•00081 

93 

-200 

•00083 

•00071 

102 

•380 

•00121 

•00080 

80 

•210 

■00097 

•00082 

86 

•268 

•00099 

•00081 


•00024 'i 
•00021 ( 
•00029 I 
•00022 
•00015 I 

•00022 


•00011 
•00021 
: •00021 
•00022 
•00020 

•00026 

•00023 
•00038 
•00016 
•00018 
I -00023 

, -00021 

•00011 

•00013 

•00012 

•00011 

•00015 


•00018 
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ni;iiinit-'‘r 

liianietcr 


KtND <>!•• Wool.. 

Broaliiii}; 

l^lraiii 

Elnslicily 

in 

of Fibre 
liofore 

Mf Fibre 
aft (‘A' 
bipukiii;: 

Differonew 
ill DecimalK 
of an hich. 



of Iji'Ilfltll. 

ill Decimals 

ill Decimals 




ofHii Incli. 

nfaii liicli. 



! 18 

•387 

•000510 

•00035-1 

•000180 

* 

(V6 

•■121 

•000583 

•000332 

•000251 

Austfaliaii Merino 

-i:i 

•331 

■000471 

•000320 

•000151 1 


.">0 

•283 . 

•000521 

•000301 

■000130 i 


' !() 

■251 

•000172 

•000301 

•000111 ; 

Average . 

GO 

•385 

•000517 

•000351 

■000106 j 


( i;5 

•331 

•000317 

•000-210 

1 

•000107 



•281 

•000321 

•0002-20 

•000101 ; 

Saxony Merino . 

1 , :»> 

-253 

-000310 

•000230 

•000110 ’ 

•10 

•211 

•000381 

•0002IG 

•000 rOG ! 


1 :i7 

-lliS 

■000331 

•000213 

•000118 : 

Avemgo . 



•000338 

•000224 

•000114 ! 


( 000 

•285 

•0017-1 

•00132 

•00042 • 


;.40 

■310 

•00158 

•00111 

•00017 

Mohair 

G80 

•300 

•00103 

•00130 

•00027 


020 

•2!>1 

•00178 

•OOlll 

•00037 - 


1 .GOO 

•300 

•00180 

ullM2 

■00038 

Average 

. ' G8(i 

•200 

•00J70 

■00138 

■OOOK 


f ir.o 

•231 

•000521 

•000387 

•000131 


h-a 

•213 

•000502 

•000141 

■000121 

Alpaca 

Ml 

•20.G 

•000403 

•000306 

•000127 

15.} 

•250 

•000510 

•000112 

•00013! 


1 i:i8 

•220 

•000511 

•O00I02 

•000100 

Average . 

I'iO 

■2J2 

•000520 

•000401 

•000125 


In looking at the figures given in tliis tal>le, it will bo 
seen that the strength of the fibres generally follows the 
diameter,—that is to say, that the fibres having the largest 
diameter, and, therefore, largest cross section, carry the 
greatest weight, and if these diameters are compared with 
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those given in the auth*or’s work on the Slnidicre of the Coiloa 
Fibre,^ aiu^then with the breaking strain of the fibres of 
the various classes of cotton given in the same work, it w’ill 
be seen how much stronger the animal fibres arc, in 
comparison to their diameters, than the vegetable fibres. 
For c.xample, the fibres of Egyptian cotton average 
•000655 of an inch in diameter, which is about ,;th tjf 
an inch, and these carry 5 breaking weight of about 127'2 
grains. This is just about double the diameter of the 
Saxony merino Hl>rc, wliich has an average diameter of 
*000338, or fiuleed, one of the fibres 

given in the t^iblo, viz. the second of the fil)res, i^s almost 
exactly half, being •000321 of an inch, as against 000327 
of an inch in the cotton fibre, and this particular fibre had 
a breaking strain of 38 grains, a.s ngaiiist 127-2 in the 
cotton fibre. Assuming the breaking strain of the two 
fibres to be directly as the arca.s of the two fibres, it 
should vaiy directly as the sipuires of the diameters, and 
hence the w'ooi fibre, if as large in section as the cotton 
fibre, would cjirry 158 grains, since the area of the cross 
section of the cotton fibre is AlC times the ai’oa of the wool 
fibre. If the areas of the two fibre.s wore ef|Ual, the wool 
fibre would be fully 25 per cent strongei-. The cause of 
this is, probably, the fact that while in the case of the 
cotton fibre, which is a hollow tube, and when subjected to 
strain is apt to collapse, and then rupture at the edges of 
the ribbon Wiicli is formed by the eolIai)scd tube, the 
interior of the wool fibre is much more filled up with 
regularly disposed cells, wliich tend to give the epidermal 
sheath of the wool fibre considerable support by preserving 
its circular form, and thus distributing the strain more 
regularly over the whole area. To set against this, how- 
^ Structure o/the Vottori Fibre, page 264, MacHallaii & Co. 1908, 
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ever, there is tlie fact that the layers of wliicli the cotton 
fibre is built up, while coucentric, are continuous tluougli* 
out the length (»f the fibre, while the cells composing the 
cortical and epidermal j«irt of the wool fibre arc not 
continuous, which iiitruduces a great source of weakness, as 
we have already scon, as it is always at the junctions of 
(V'lls in the tiaiisversc direction that fiacturc occurs. There 
is such variation in the strengtli of librcs from dillcrcnt 
wools ofi' the same class of sheep, that, like the variation in 
diameter, wc can only consider these tables to give 
approximate results, but they will serve to give a gcjieral 
idea of the strengths and elasticities of the dilfoi'Cut 
varieties, and were the result of gi’cat labour and care. 

It is interesting to compare the figures of tcn.sile strength 
for C(jual cro.ss section of fibres. As the cross section 
varies with the sipiarc of the diameter, by taking tlie ratio 
of these numl)ers and multiplying by the tensile strength, 
a Hguie is obtained which represents the tejisile streiigtli 
for e(juul <liameters. 

In this manner the following Uble has In'cn calculated, 
taking tlie humati hair, which ha.s the largest diamolei-, as tlie 
standard at 100 :— 


TAOLE OK KKLATIVE 

iluuian Hair . 

Lihculn Wool . 

Lcice.strf Wool . 
Northuinliei land Wool 
Southdown Wool 
Australian Merino Wool 
Saxony Woi>l . 

Mohair . 

Alpaca 

Colton (EgyjUian) 


STitKNCTII OK KiBUES 

. U)U0 
0({-4 

(i2-a 

. 122-8 
. 224-G 

. 136-2 

. 3r)8'5 

. 201-8 
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Examining the relative strengtlis of wnol fibres in the 
same way as above, and taking Southdown wool as the 
standard for tlie 100, since, on the average, fibres derived 
from these sheep possessed the greatest elasticity without 
fiernianent set and tlic greatest strength in ju’opoi tion to 
the character, when tiiey <lld lueak the autljor found the 
results as follows:— 

TAHLI-: Ol’ ItKLATIVK STRK\<;TII OK W'OOI. FIP.RK 


Southdown.] 0(1 

Tiiiicoln.08 

Loiccster.72 

Colswold.fi-l 

Australian Merino .... 85 

Slirojjsliire.78 

O.vford Down.82 

Cheviot.75 


Since these experiments were made, a iiincii wider and 
most complete series of investigations liave been made in 
the United States, showing fhe I'clation between strain, 
stretch, and elasticity of variou-s wool fibres, and on measure- 
ments of length, curl, and fineness, e.xtcnding over hundreds 
of experiments, and w’hich have lieen [luldislied by the 
IJ. S. Department of Agriculture in a report on the Ex¬ 
amination of Wools hy Professor M'Murtrie, Washington, 
1S8G, which fairly agree with tiie above figures as will be 
seen by the following table, fcrken from p. 381 of this 
report:— 


TAHLK (IK Hl'XATlVK 


VAf.UKS KOK ALL 


KLOXOATIOXS 


Southdown.lUO'O 

O.xford D<i\vii.85'0 

Merino. 

Innooln. 

('otswold. 
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Strength of Wool compared with Metals.— The 
wonderful strength of the wool and other allied fibres 
almost challenges comparison between them and metallic 
wires of various kinds of ccjual cross section, and in the 
above-named report a series of detailed experiments were 
made (p. 35?), with a view to determine tliese relations, 
and they are graphically expressed in a series of curves, 
and the following is the summary of results;— 

1. The curve of the total stretch for wool is of about 
the same inclination as that for wrought-iron, hut it is 
concave upwards, the iron curve being convex. 

2. Tl|e tensile strain for wool is about one-half of tliat 
required to produce the same per cent of total stretch in 
a wrought-iron bar of equal cross section. 

• 3. A permanent set commences in wool at about 50 

per cent of the amount of strain required to originate a 
set in a wronght-iron ))ar, or at alK)ut 37 per cent of the 
ultimate tenacity of wrought-iron of good quality. 

4. For steel the corresponding value is 34 per cent. 

5. The ultimate average tenacity appears to be nearly 
double that of average ca.st-irou of cqu;d ci’oss section, 
about i of good wrought-iron, and a little more than 
•J- that of good steel. 

6. The maximum stretch of wool is greater than 
either metal, being 1*75 times that of wrought-iron, 
12*8 times that of cast-iron, and 4*5 times that of 
steel. 

7. The permanent stretch or set 'of wool appears to 
commence only when the total stretch equals nearly 
5 per cent of the original length of the fibres, which is 
at least 10 times greater than the corresponding value 
for either metal. 

8. The curve for wool most nearly approximates to 
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that for wrought-irofi, but is plainly an ogee curve, while 
those for the metals are merely concave. 

9. The average tensile .strength of a wool fibre is about 
1131*8 lbs, per square inch. 

10. Wool has more than twice the strength of the 
toughest wood, li times that of ho/ie, 4 |inies that of 
w'hite pine, 2*7 times that of ivory, 5*6 times that pf 
whalebone, and nearly as*much as soft brass wire, phosphor 
bronze, annealed iron wire, or steel wire rope. 

Curl in Wool. —One of the great peculiarities which 
distinguishes wool from hair consists in the wavy or curly 
nature of the fibre, ami it is diilicult to find any explanation 
of the cause of this peculiarity. It does not occur within 
the hair follicle, hut soon makes itself manifest after the 
fibre has passed out of the .surface of the skin. No 
mechanical cause for it is ap[)arcnt, although it seems in 
some way to be occasioned ]>y the unequal contraction of 
the cells on the tv^o sides of the fibre, first in one direction 
and then in another. It is impossible to detect any 
feature in the arrangement of the constituent cells to 
account in any way for this peculiarity, and it appears tp 
bo, as in the case of the twist in the cotton fibre, inherent 
in the very nature of the wool. 

In a paper which was read in 1867, before the Queckett 
Microscopical Club, by Mr. N. ll''rgoss, the writer gives 
the following as tlic explanation: I am of opinion with 
respect to the^growth of wool, that as soon a.s the point of 
the fibre has protruded through the .skin of the animal, a 
series of growths takes place, a small |)art of the epidermis 
is converted into wool, and then a rest ensues, One side 
grows faster than anothci', and hence probably the curly 
form of the fibre. When another growth takes place 
another ring is ailded, tlie new growth pushing up the 
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hair from below and so adding to its length. This process 
is continually repeated, varying as to the length, straightness, 
and girth of the joints, and possibly with a variation in the 
thickness of the cylindrical portion of the fibre.” ’ I do 
not, however, think this is the true explanation, as the 
epidermis is not couvcrte<l into wool, the fibre being formed 
within the hair follicle before its protrusion out of the skin, 
although the unequal contraction of the various constituent 
parts of the hair, as the cells become more consolidated 
after leaving the skin, may account for the phenomena. 
We must remember that the cells which are to constitute 
the fibre, are largo and plastic within the lower part of the 
follicle, and become more consolidated as the fibre is [mshed 
upwards. The cells which constitute the cortical part 
becoming elongated by the pressure to which they are 
.su))jected by the shrinking in of the outer cells. These 
outer cells shrink till they completely collapse, and thus 
form the epidermal plates, although they probably retain 
the laminated structure, and are capable of expanding again 
when stibjcctcd to variations in pressure, moisture, and 
temperature; and, as they shrink in, their gelatinous 
nature enables them to adheie together till they form a 
solid epidermal layer, which tightly binds the constituent 
cells of the cortical part. Unequal shrinking of this ring 
would give a tendency to curl. This cuil in wool is not so 
important a feature as the twist in the cotton fibre, because 
there we have no other means of interlocking action upon 
which to rely in enabling the fibres to twist into each 
other, and thus allbr<l the necessary friction to secure 
strength to resist the pulling out of the fibres when 
subjecte<l to longitudinal tension; whereas, in the case of 
wool, we have the scales ou the surface winch form 
' Juiii-ii. (^nrekett .\fki\i. iinh. vol. i. jv. 30. 
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interlocking surfaces quite ind^)cn(lont of any twist in tlio 
fibres themselves. Wo may also notice that cultivation 
increases the curl of the wool fibre in just the same way as 
the twist in the cultivated cotton fibre, which shows very 
little of this peculiarity when in the wild stotc. And both 
wool and cotton, the one an animal and the, other a 
vegetable product, both tend to revert to the non-twisted 
or straight condition when their eullure and tending k 
neglected. There is no doubt, however, but that the c\irl 
in wool is a mqst valuable property, and from whatever 
cause it arises, it seems to increase or diminish jii.st as the 
finer and more beautiful character of the wool does. Xlie 
coarser wools exhibit the curl least, and the finest the most. 

The following talde gives the genci’al relation between 
the number of curls or waves and the diameter of 
the fibre:— 

('iiimcOT iif ' 

Curls ])('!' liK'li. ill Ofciin.’ils (iran ! 

Iiirli. i 


21to‘i0 ■ 0-l)00fil ' 

t:.{ to IS i O'OOOr.S 
lltolfi ! 0-00100 

7 loll ' O-OOIllO j 

:uo :> 1 o-ooiT)! I 

2 10 4 1 0-<)0172 

! ! 

This relation between the fineness of the fibre and the 
number of curls has been noticed by all observers, and llohn 
(in his SrJiafzitrhty v(fl. i. p. 182) gives the following table, 
which represents the relation between the curl and diameter 
fibre as exhibited in the difierent grades of wool which 
are employed as standards of quality. The measurements 
are -translated from the French to the standard of the 
' English inch. 


Wool. 


I Xiistraliaii Moiinn . 
’I Soutlidown . 

! • . 
j-Irish (Boseoimnon) 

I Liii(;oln . 

; Nortliumberlaiul 
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( M('asnr<‘tii«»nt of Dmmoter of Fibro, 

Number of Curls ' •— 


uper Eluctu This pins 
Super Electa Pjns 
Super Electa 
Primn Elocta 
Seciuxla Electa 
Holie prinia 
Prima . 

Gerlnj;e piima 
Hohe acc'un<la 
Sec\mda 

fieringc sccnmia . 
Tertia . ‘ . 

Qiiarta 



llicll. 

I» TIiouh) 
ol'iin 1 


- — - 


and above 

0-1921 to 

30 to 32 

„ 

28 

30 

0-G496 „ 

2G 

„ 2S 

0-6988 „ 

21 

,, 2(1 

0-7480 „ 

23 

24 

0-7885 „ 

21 

„ 23 

0-S7r)9 ,, 

20 

„ 21 

0-9448 „ 

19 

„ 20 

0-l)9!)!) ,, 

17 

. 10 

1 •409(1 „ 

1() 

17 

1-1117 „ 

13 

„ 10 

1-2499 ,, 

0 

13 

1 •4.'56r> an 


ii'ltbs 

III FracUons of an 

K'll. 

Inch. 

o-ri9or> 

to ic'ffS 

0-6299 

l.V0« M tjVt 

l.)-G9H8 

liihr >• Tiaff 

0-7480 

I u o *» Tn'-iir 

0'738.'> 

i.tflii n I gffT 

0-8759 

li'iU •) j ' lhl 

()-9148 

1 14 f >! Til*r.5 

0-99!(9 

irAs 11 -ftB-fi 

1 -4096 

a. 11 oh 

1-1417 

Xilo 11 

1-2499 

>?,•. t) 7io 

1 -1566 

rt'-i. 11 nfl<t 

1 liclow 

and b(3low 


A far more exhaustive series of tests to determine tho 
relationship between tho numlter of cnils per inch and the 
length and diameter of the fiiircs of a wide range of wools 
is also given in Professor M'Murtrie’s report, hut generally 
tliey may be said to agree witii this talde, and altliongh a 
large number of recapitulations and rc<luetions ai'e made, 
they oidy serve to sliow what a wide I’ange of variations 
can occui’ in fi)»res, lioth in the same sheep and in the 
differeru classes of sheep, <lependent upon health, climate 
conditions, and jmrity of breed. 

Felting of Wool. —Mr. Burgess, in the article quoted 
al)Ove, is of opinion that tlie sole cause of felting in w'ool 
arises fr-om the curved nature of the hui)-, and has nothing 
whatever to do with tlie number of serrations on the 
surface, lie says, “ If a fibre be taken from the Merino, 
and another from the Jiincoln sliecp, and he laid side by 
side, the relative proportion of tlieir curves will be as 
fifteen to one. If a number of these fibres were taken, 
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each sort separate, it would beisccn tliat the amount of the 
entanglement between the fibres would be fifteen times 
greater in the one case than tlie other. Suppose that 
instead of their natural form they are laid parallel to each 
other in a straight line by machinery, each fibre lias a 
natural tendency to regain its original position., Suppose 
the now parallel fibres are twisted into a yarn, and then 
woven, and llie warp is strained tight in the loom, many of 
the loose thrwids having been .stuck down in the sizing 
process, it is evident that in this condition all t^ic fibres are 
in a state, of unnatural tension, until they conic out of the 
loom in the form of cloth. All external tension is ;iow 
removed in order for the next oi' felting pmeess; the loose 
fibres being rclease<l, the cloth being saturated with 
moisture, the whole has to nndm-go a process of heavy 
thumping, during which each filire has a pressure applied 
first in one place and then in another. 1 believe that eacli 
fibre at every stroke is doing its utmost to regain its 
curved condition, and as it does so the cloth contracts and 
becomes thicker. This thickening is in projim-tiun as the 
fibres of the wool have resumed their curved form from the 
temporary piirallel condition. This, and this alone, is in 
my opinion, the true cause of the felting process. ... It 
is well known to our cloth manufacturers that ‘skin’ wool, 
or wool cut after death, felts bettor tliaii if cut from a living 
animal. Some may ask how is that to be accounted for? 
I answer that in death .some parts of the animal are 
distended and ollieA contracted, ami this alteration being 
oominunicated to the fibrous covering, there would he more 
room for the contraction of the lilires in the process of 
manufacture than in those taken ofl’ wliile in the living 
state. vSkin wool is sometimes taken off ivith lime, or 
sometimes by ciiusiiig an incipient state of decomposition, 
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when t!ic wool separates from the skin, but other cause.^ arc 
at work which arc not here discussed.'’ 

We think that this view is cirpneous, bec.ause in that 
case very curly Juiir ought to felt quite as well as wool, 
but it will not, and also because the number of serrations 
are in some way related to the number of curves, and so 
the two causes prolxibly go together. The very fact tliat 
skin wool felts better than natural wool is an aigunient in 
favour of the felting being largely dependent on the nature 
of tlie serrations, because wljen skin wool is examined 
under the microscope, the action of tiie lime, or whatever 
reagent has been used in detaching it fiom the skin, causes 
the scales to be less firmly attached to the shaft of the 
fibre, and the free margins to stand out nioie prominently, 
and thus increase the felting property. 'I’hci'c are many 
wools wliieb have a considerable niim))cr of serrations but 
do not felt well; but this arises, not from deficiency in 
curl, l)ut from the fact that the scales have an attachment 
to the shaft of the fibre more allied to hair than that of 
wool, and this a))plies to the case of the Ivussian wool, 
which be mentions as follows: “Jf imbrications go for 
anything, Russian Douskoi should ecli[)sc every other in 
felting, l)nt here again facts are dead against tliat theory.” 

We have already noticed that in the case of all wools 
the direction of the free margins of the scales or loricatioiis 
on the surface of tlio fibre is always towards the point of 
the fibre, or in the direction of the growth, and pointed ont 
that this is very important in the eco'homy of the animal, 
because it always enables the hairs to slide over each other 
without felting, which they would certainly do if the free 
margins of the scales were ojiposed in direction in contiguous 
fibres. This freedom from felting when on the body of the 
animal is further increased by the fact that all fleeces ami 
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the surfaces of the individual hliirs are always covered, when 
in the nutunil state, by a ([iiantity of unctuous or fatty 
matter, wliicli is sccriitcd from the skin, and serves as a 
natural i^matuni to lubricate the surface of tim fibres, and 
thus enable them to slide over each other with greater 
freedom. This secrelioj), which is called yolk •or suint, 
differs in (jiiantity and ({iiality in diHerent ]>reeds of sheep, 
and appears to have an important iAHuenco on the character 
of tlie wool, by promoting its softJiess and pliability, as 
well as preserving the surfaces of the wool fibresTrom injury, 
and thus enabling thejii to I'etain the felting property 
unimpaired, until re({uire<l for manufaeturiiig purposes/ 
Cots.- Under certain conditions tlic wool does felt on the 
'back of the .sheep, and forms what ai'e known as ath^ wiiicli 
are nothing more than a tangled muss of tihres, but ai-e a 
source of annoyumre to the manufacturer and loss to the 
farmer, as they de-teriorate the value of the wool, atid have 
to be removed in the process of sorting. The c;iuse of this 
cotting is .somewhat obscure, and varies much, botli in 
diderent sheep ami dillereiit .seasons. I have fre<juently 
found that there is an absence of suint amongst the cotty 
'‘mass as comj»areil with the free libres, but whether this is 
a cause or effect T caiuiot siiy, since either the tangling may 
arise from want of lubrication of the fibres, or the thickness 
of the felt may hinder the free di.sckarge of suint from the’ 
skin. This temhmey also varies much in individual sheep, 
and may arise from individual action, such as restlessness 
or rubbing when lying down, which causes the fibres to be 
thrown across each other in all directions, and thus they 
become entangled and matted. Of the chemical nature, 
and. the purpose which tliis grease oi- yolk subserves in the 
nourishment of the wool, wc shall have to speak more 
fully afterwards. 
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When intended for innnufacturing purposes, the wool 
has to l>e fro,ed from lids yolk so as to prepare the fibres for 
felting action, and })y the ]H'oeesses of projiuring the wool 
the fibres are transposed in position, so as to enable the 
opposing edges of the scales to come in contact with each 
other and interlock. This they do with great ease and 
tenacity, and this increases w'ith tljo (jnality of the wool 
and the fineness ajid sharpness or ]>ointcdness of the 
scales. 

Felted Cloth. —When a piece of fclti-d cloth is examined 
undci' tli<! itdcroscope, all the fibres are found to be lying 
in different direction.s, and the points of tlie scales driven 
i!ito the openings heneath the scale.s of other fibre.s, and in 
many^ instances the lihnis are twi.sted round each other in 
such a way as to render the attachiinnits of I he scales 
possible on all sides of the interlocking liairs. When sub¬ 
jected to beating and motion the interlockings are rendered 
more and more minuii'ous, and the scales driven down into 
each other with such force that it is rpute impossible to 
tear them asunder without the complete disintegration of 
the fibres themselves. 

A .single sight of such a piece of cloth enables us at 
t)ncc to iniderstand the action of many of our machines 
and proces.ses, such as “milling,” wliere the texture of the 
‘cloth is rendered more dense and tenacious. It also 
enaldes us to understand why^ we can make strong tlireads 
of woollen and worsted yarn with iy far less number of 
fil>rcs ill the cross section than would be required in the 
case of cotton. Tliore is no doubt also that the felting 
action is furtlier iueroased by the curl of the wool, which, 
when the pressure of weaving or spinning in the direction 
of the length of the fibre and which had tended to 
straighten out the fibres is removed, causes them to shrink 
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up again so as to regain a frtller curve, and tluis brings 
tlie scales on the surface into closer contact. It is also 
a noticeable fact that if we wet a lock of wool the curl is 
considerably incre<ased, but if the lock is subjected to 
tension wliilo wet, and allowed to dry, the curl is 
completely removed, because the fibre ccllfi take a 
permanent set under the strain. The same may be noticed 
in the human hair, especially when it is long. This arises 
from the fact that the cells in the anterior of the hair arc 
more or less pervious to water, which, when it outers, 
swells them out in the direction of the diameter and 
diminishes the length. Upon this principle the .hair 
hygrometer is constructed. When the air is filled with 
moisture the hair sliortens iu length, and when dry 
expands, and thus moves an indicator over a graduated 
arc, whicli roughly corresponds with the degree of moisture 
in the atmosphere. The cause of the increase in the curl 
arises from the fact that the cells are not all uniform 
either in their diameter or symmetrical in their arrange¬ 
ment, and there is, therefore, uiierpial expansion in various 
parts of the liair, and on different sides, which tend to 
distort the shape and twist the hair into curly or waved 
forms. 

Action of Water in Feltingf.—Thc action of watm-, 
especially hot water, in assisting tlie felting action is 
very curious, and is ])artiy probably cliemical, especially 
when acid is added, and there then seems to be no 
limit to tbc felting and shrinking action which accom¬ 
panies it. The constituent cells of the fibre become 
softened by the action of the water and acid, and seem 
to be capable of uniting witli each other w'heii sub¬ 
jected to rubbing and pressure, until it is difficult, even 
under the microscope, to detect one fibre from the other, 
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• tho whole seeming to form one solid m?iss, of which the 
|)arts niiitc closer and closer together the further tho 
process is carried. It is not necessary for the fibres to he 
woven into cloth, or an-anged in any regular manner so as 
to felt; indeed, the reverse is the ctise, for the less . 
regularity there is in the arrangement of the fibres, the 
better and more perfect is the feltirig action. Hence the 
woollen thread, where-the arrangement of tho fibres is 
much more irregular than in the worsted thread, is best 
adapted for fabric.s which are to bo shrunk or felted 
afterwards. 

Kenips.—It is ipiitc impossible to pass from the 
‘ mechanical structure of the wool fibre without noticing 
some of the variations which the fibre sometimes assumes 
from the normal type. NVliile there is a general conformity 
to this type, there is almost a distinct individuality in every 
separate hair, and all more or less exhibit some peculiarity, 
which serves to show how little thei’o is in any organic 
structure which can be looked u])oii fixed and invariable. 
This tendency to variation doe.s not astonish us when we 
rcmcml)er that, as we have already noticed, such diverse 
appendages as the nails and hoofs as well as the horns of 
animals, aT)d the scales of reptiles, or the feathers of birds, 
are all modifications of the same epidermal layers as the 
wool and hair. \Vc may therefore look for considerable 
modifications in the structure of the individual fil)res, and 
we'arc not disappointed. These variations may occur in 
all the separate parts of which the wool fibre is composed. 
Sometimes it occurs in the outer or epithelial layer of the 
fibre, and we have a great variation in the size and 
ari'angement of tho horny jdates which cover it, two or , 
three of the plates, or even more, being fixed as it were % 
into one, until wo have a consi<lerable length of the fibre 
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oiitirely destitute of tlic imbri\;atcd ^<calcs, which are such 
a distinctive feature. 

This part of t)ic fibre then appears almost like an ivory 
ring on the otherwise scaly stem. In many eases this 
coiitiuiiity of the outer plates or scales does not appear 
to be dependent tipon the inner structure of^lie fibre, 
because tliat, when c.\ainincil by transniittod light, remains 
the same, and the inner cells and even the distinctive 
medulla are quite visil.ilc. These form what arc known as 
■’“fiatkcm})s,’' and can be dyed when treated with care, 
because the central part of tlic hair is pervious to dye stulls. 

Sometimes, however, the change is iiioi-c radical,.and 
the wliolc substance of the fibre assumes a much more 
dense appearance, until even tlie cellular character of the 
cortical part is entirely obliterated, and the fil)re assumes 
the ai»j)earaiice of an ivory rod, without any internal 
stmeture being visible. This pecidiarity is much less in 
the more cultivated than in the wilder and more neglected 
classes of wool, and is well known under the name of 
“kemps” or *‘kem}»y wool,” and is a constant .source of 
annoyance to the spinner and manufacturer, because such 
fibres not only have no felting or matlirjg power, and tlms 
weaken the tenacity of the yarn, but they alwaj.s resist the 
action of the reagents which are used in dyeing, and are 
apt to remain iincoloin-ed and thus spoil the surface of the 
fabric. 80 far as can bo judged, tlicy do not seem to differ 
in chemical composition from tlm other fibres; but they 
present such a diferent mechanical .arrangement, and 
possess no absorbent power, and thus resist the entrance 
of the' dye-stuffs or only receive a topical tinctui'C, wliich 
is almost always of a different shade from the other, fibres 
which possess tlio usual structure and are dyed at the 
same time. 
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It is rutlier singular llutt these Ivcmps are found in 
cultivated shec]) principally in certain localities of the 
body, and they are almost always the result of want of 
trueness in the breed of the sheep. In the finest wools 
they very fro<iuently occur in the region of the neck, and 
are almost confinc<l to a nilF round it just where the fibre 
of the body proper shades into the shorter and coarser 
hair of the head. Tlioy are also freriuently found just 
where the fibre grows shorter on the logs. In the coarser 
kinds of wo<51 they arc found anywhere in tlie fleece, and 
are usually of ratlier larger diameter than the surrounding 
wool, and shorter in length. These kemp.s vary in length 
and coarseness, according to the hreed of sheep ; as, for 
cxamjfie, in the wild Highland sheep they are alxmt two 
inches long and very thick, while in tlie cross-hred Aus¬ 
tralian sheep they arc very sliort. In the finer wools the 
author has often found them a.ssociate<l together in tufts, 
as if a small region of the skin was predisposed to their 
production, and in mariy cases this only occurs in .small 
portions of the fleece, but in others it is wi<]ely distiibuted. 
Fig. 49 gives a good- representation of these kempy fibres 
ill various degrees. The fir.st two, A and 13, are seen by 
rcfiecteil light. A is a fibre where the kempy structure 
is continuous throughout the entire fibre, which looks like 
a glass rod, but still has short and faint transverse lines, 
which indicate tlie margins of the scales. When the 
change is a comjilete one, even the ajiplication of caustic 
alkalis fails to bring out the lamination of the scales with 
any ilogree of distinctness, and they seem to be completely 
attached to the body of tlie fibre up to the top of tlie scale, 
in some cases even tlie margins of the scales are quite 
obliterated, and the whole surface of tlie fibre has a silvery 
white appearance, not unlike frosted silver. B represents 
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a fibre wlicro the change is ohly partial, the toj* portion 
of the fibre as well as the bottom portions exhibiting the 
usual structure of wool, but the intermoiliate part having 
the scales closely attached to the surface, and the usual 
ivorydike appearance within the fil)re. Whatever caused 
tills change of character was evidently toniporarji, and the 
same follicle produced both wool and kemp. C is a 
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keinpy fibre seen with transmittctl light, where wc have 
the gradual passage of the kemp into wool clearly seen. In 
this case, with transmitted light, the kenipy part retains 
almost the same transparency as the wool, but exhibits 
none of the interior arrangement of cells. Fibres which 
have a tendency to kemp are also frequently distinguished 
by possessing an unusual distinctness in the medullary 
colls. Indeed, it frequently happens that the kempy 
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atractiire tails off in the saiho fil)i*e, not, as we should have 
snpjwsed, so much on the outer surface, but down the 
interior of the fibre, as tliough tlio change commenced in 
the central cells and was gradually extended to the outer 
surface as the fibre grow. At the extremity, where the 
kemj)y structure first appears, the cential cells are often 
not contiguous, as though the change'eoinmenced in a few 
cells first and then they became more numerous, both in 
a longitudinal Jts well as a diainetncal direction. These 
fibres often'have a considerable degi-eo of transparency 
when viewed with tninsniittcd light, ami in this respect 
they vary very much, but they are very seldom as 
transparent as the adjacent wool fihres. Sometimes they 
arc very opaque, as will he seen in the fibre marked I), 
whore the light sccnis hardly to penetrate the centre of 
the fibre although it is refracted at the thinner edges, 
while the true wool, both above and below, is quite 
transparent to the same light. In this case the .same 
fibre, when vicwe<l with reflected instead of transmitted 
light, exhibits no more signs of a dark colour in the 
kempy than in the unkcm[>y part, showing the want of 
transparency was not due to colouring matter. 

Kempy fil)res are not alway s white and are fre([ucntly 
found in large quantities in coarse coloure<l foreign wools, 
especially Russian, and even in the coloured fibres of more 
cultivated sheep both Ilritish and foreign. 



CHAPTER. X 

CHEMICAL COMPOSITION OF W.OOL 

ImI‘OKTAN’ 1’ as the mechanical stiiictiire and arrangement 
of the parts of the wool fibre are to technologists, t*licy 
arc not more important than the chemical structure and 
composition, because upon these latter considerations 
depend the deportment of the fibre in regard to its 
ticatment in many parts of the proc(iss of manufacture, 
and more especially in regard to its relation to the dyeing 
of the yaiTi and goods. 

Having, therefore, looked at the mechanical structure, 
we are now in a positioii to consider what is the typical 
structure of a wool fibre— 

B. In regard to its chemical composition. 

Wc have already seen that cotton ami silk are probably 
definite chemical subsUinces which have a definite and 
fixed com[)Osition, so that we can say that if perfectly 
pure they would always be composed of the same materials 
and in the same proportions. This, however, is seldom 
the case, as they are always more or less associated with 
other subskinces, in a state either of weak chemical com¬ 
bination or mechanically entangled. 

Thus, cotton, if perfectly pure, would be identical 
with pure cellulose, which is composed of and 
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silk when degummed wouU bo represented by Fibroin, 
the formula for which is It will be seen from 

this that silk, besides containing an additional clement, 
nitrogen, is far more complicated in its structure than 
cotton. This remark holds good of all animal fibres as 
comixired witli vegetible, and is specially the case in 
regard to wool, where we have two additional elements 
introduced beyond tho^e contained in cotton, viz. nitrogen 
and sulphur. 

Protein^ —It has already been pointe<l out that con¬ 
siderable importance must be attached to the .source from 
which fibres are derived, because this determines their 
relation chemically. All the fibres of vegetable origin arc 
related to each other in having neutral car-bo-hydr-ates 
as their basis, wli<5ther they be cotton, flax, licnip, or 
any of the bast fibres; while all the fibres which owe 
their origin to animals, such as hair, wool, or- silk, have 
as their basis a series of substances which arc called 
generally nitrogenous albuminoids, of wliich albuirrin, 
Civseirr, gluten, fibrinc, and gelatine may be taken as the 
leading examples. They are sometimes also called Pr otein 
compound.s, because Mrdder considered that all these 
bodies contain tiro same organic group—— 
to which he gave the name of Proteirr, comlrined with 
different quantities of sulphur and phosphont.s. lie also 
thought that the conversion of one of those bodies into 
the other depends upon the assumption or elirairration 
of small quantities of one or both*of these elements. 
Receirt researches, liowever, have shown that this view is- 
not correct, as few of the albuminoids contain phosphorus 
a.s an essential element, and the proportion of sulphur 
seems to he tlie same in all. Mulder thought that when 
treate<l with caustic alkali the sulphur and phosphorus 
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could be extracted and the, Protein remain, but the 
sulphur cannot be extracted entirely by the action of 
alkali, so that the Protein, if it exists at all, cannot he 
separated. Considering these Proteic compounds under 
the general tem of albuminoids, which are a very 
numerous group that do not difl’or much in pei'centage 
composition, it may be asserted that they all contain the 
five elements, Carbon, Hydrogen, .Oxygen, Nitrogen, and 
Phos]ihoru.s. It is only in the functional life of a plant 
that albuminoids can be synthetically produced from 
inorganic matter, and the animal is ab-solutely dependent 
on its vegetable food for the albuminoids necessary for 
its existence, but it can transform one albuminoid into 
another or irito a substance of the allieil Cehitinoid and 
Keratin groups, and effect their conversion into fats or still 
simpler oxidation products. 

Albuminoids. —All the albimduoids exhibit the .same 
or very nearly the .s!ime composition, and within the 
living animal albumin, casiun, and libririe are constantly 
being changed from one into the other. When analysed 
by diflerent chemists, they do not diiier from each other 
more thati analyses of the same substance would probably 
do in different hands, or if ilcrivcd fiom a different source. 
Wc may look upon their idtim.'ite composition as re¬ 
presented by the following analysis i— 


COMI’dSITION OF Ar.lillMlNOII) 


Carbon 

Hydrogen 

Nitrogen 



r>;pr) per ccnl. 
71 
■ 17'S 

Oxy^t'H . 
Siilpliuj' . 



. I9'8 

1-8 


fOO’O 
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The three albuminoicJs diieiitioncd above difler most 
from each other in the method in which tliey piss from 
the liquid to the solid condition. Fibrine separates 
spontaneously in the solid form from the blood soon after 
its removal from the living Iwdy; while al])urain, which 
is contained in the more liquid portion of the blood, •* 
does not become solid without the application of heat; 
and casein, wlii(di is con»tained in ifiilk, cannot be separated 
as a solid by heat or spontaneously, but by the addition 
of an aci<U These properties of the albuminoids are 
imj)ortant, because, when we come to consider the case 
of the allied substance, wool, we can readily sec how it 
may be affected l)y slight changes in tlie temperature of 
the water used in washing it, which may alter the 
molecular condition of its constituent parts, and thus 
render it more or less fit, as the case may l)e, for use in 
manufacturing processes. Albumin commences to coagulate 
or solidify at 140' R, and is completely solidified at 
170" R 

All the albuminoids, as we should expect from their 
similarity of composition, have many properties in common. 
They all dissolve in caustic potasli or soda, and also in 
very strong hydrochloric aciil. When boiled with caustic 
alkalies, they yield solutions from whicli acids precipitate 
them in a more or less altei'(3d state, while sulplinretted 
hydrogen is given off. 'Fhe solution in hydrochloric 
acid has a deep yellow colour, which, however, when 
brought into contact with oxygen. Assumes a fine blue 
or violet colour. Mercur ic nitrate imparts to the solutions 
of these bodies a very dect) red colour, and this reaction 
serves as a very delicate test for their presence, and 
enables us to detect the solvent action of various reagents 
upon them. 
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All the alhiimiiioiMs, as Rhey exist in living plants 
and animals, are in combination with water of colloidation 
to a greater or less extent, and they can almost all exist 
in two states, soluble and insoluble in water,, but when 
once dried they arc insoluble both in alcohol and ether. 
* When soluble in water the aqueous solutions are goagulatcd 
by alcohol and precipitated by .salts of copper, lead, and 
mercury, and also by tuinic acid, which has a strong 
affinity for them, and, indeed, tlii.s is the basis of the 
manufacture of leather. * 

So far as is known at present, only plants can synthesise 
an albuminoid from the elementary niateiial.s out of which 
it is composed, and no allmniinoid lia.s so far been prepared 
artificially out of non-albuminoid material. Animals are 
entirely depen<lent on plants for the albuminoids upon 
which their existence depends, l)iit they can and do trans¬ 
form, one albuminoid into anotlicr or into substinces of 
the allied gelatinoid and keratin gionps, and also effect its 
conversion into fats or simple oxidation i)rodu(;t.s. 

All the albuminoids when troatctl with oxidising 
agents, such as mixtures of peroxide of manganese, or 
bichromate of potash and sulphuric acid, yield the same 
products, viz. acids and aldehyde.s of the acetic and 
benzoic scries. When sulijected to dry distillation they 
.are decomposed and a series of compound ammonias 
evolved. All the albuminoids jmsscss extremely low 
diffusive powers, and when examined with polaiised light 
they turn the plane of polari.sation to the left hand. 

Gelatine is closely allied to the aIluiminoi<ls, and 
seems to differ from them, indeed, only in not having 
'hny sulphur directly combinc<l with-it; and this body 
enters very largely into the composition of all the 
animal tissues and colls, since they all yield it when 
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suitably treated. It sweKs up iu water and dissolves 
on boiling to a viscid liquid, which becomes a jelly 
wlien cold, even if the solution only contains 1 j)er cent 
of gelatine. Solutions of gelatine are precipitated by 
tannic acid, salts of mercury, and ahtohol, but not by 
alum, or ,l)y neutral oi' basic acetate of lead, fen'oeyanide 
of potassium, or dilute mineral acids. 

THE COMPOSITIOX OE OEI-ATINE MAY IJE STATED 
, GENERALLY AS 

(.’ni'bon 
Hydrogen 
Nitrogen 
Oxygon 

100-0 

These figures approximate to a formula 
but its exact molecular constitution has not been determined, 
because it cannot be converted into va[)our and does not 
form well-defined compounds witli othei- bo(iie.s. 

In the present state of chemical knowlcdgi; we cannot 
determine what is the real diflcrence between many of 
these allied bodies, and if we attempt to investigate 
them by separation and analysis, we probably destroy 
some of their characteristics as tliey exist in the organism, 
and can find no definite clue to the relations which they 
occupied to each other as integral parts of the membranes 
and cells. 

Horny Tissue, —Although the albuminoids are closely 
allied to wool and the epidcrniic structures generally, 
and probably form the l>aso of them, still they difler in- 
their ultimate composition in a slight degree from these 
horny tissues, as they are sometimes called. The 


.'ioO per cent. 
(i-0 „ 

17-7 

2'r7 
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epidermis of all animals, ami the growths which arc 
connected with it, such as hair, wool, feathers, nails, 
claws, horns, Jioofs, and scales, arc almost identical in 
composition. They usually conUain less carbon and more 
nitrogen and sulphur than the alhnminoid.s, and also 
probably a larger quantity of water, but wljether this 
water is acchlcntal and dependent upon their mechanical 
sti’ucture, or associated with thdin in some feeble form 
of combination as'water of hydration, it is at present 
impossible to .say. The general composition of these 
tissues will he seen from the folhiwing analysis of hair, 
wool, horn, and allied substances, which may be comparc<l 
with the composition of the albuminoids alrcaily givem 


AVKHACK COMI'OSITION OK 1IOII.NV TISSUK, 


AOCOKDINCx TO MIILDIHR 


Caiboii 

Hydrogen 

Nitrogen 

O.vygeii 

Sidpliur 


per cent. 
n-!)i 


100-00 


These substances have also hoou analysed by several 
other chemists, and although they (lifter frotn each 
other in the exact amounts of the constituents, they 
are sufticiently near to ijidicate that these l>odies have 
in all probability a fixed c(miposition so far as the base 
is concerned, altfiough they may ho associated with 
varying quantities of other matter arising from local and 
other causes. 

Analysis of Wool. -Wool has a very similar composi¬ 
tion, as Avill 1)0 seen fi-om two analyses by Sclierer Jind 
Mulder 
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j Hi’.liiTPr. 


t/ail)on 

. i :.0-65 

f.0-5 

Hydrogen . 

7-o;i 

6-8 

'Nitrogen . 

17-71 

10-8 

Oxygen 

. j 2p-<ll 

20-.') 

Siiljilmr 

^ . j 1 -00 

.^•1 


1 100-00 

100-0 


Some ycais the authoi’ fnii<le a series of anul 3 'scs 
to determiifte, if possible, if thcie was any ditference 
in. the composition of various clasvsos of Knglish wool, 
and the following wei e the results:— 


COMPOSITION OF WOOTi FIliRE 



rineolii 

Irish 

Noitliiimb'-r- 

WiintlKimvii 


\VrK,l. 

W.iol, 

I;ukI WiHil 

Wool. 

Carinni . 

r>2-o 

■10-8 

r>!. -8 

01-3. 

Hydrogen 

00 

7-2 

7-2 

«-o 

Nitrogen 

18-1 

lO-l 

i8-r> 

17-8 

Oxygen. 

20-3' 

10-0 

21-2 

20-2 

Sulpliur 

'I'U 

3-0 

2-:5 

3-8 

Loss 

0-2 

1-0 



. 

100-0 

JOO-0 

loo-O 

■loo-o 1 


These analyses were made after purifying the stapl^^, 
as far as it was possible, by maceration with water, 
alcohol, an<l ether, so as to i-emove all fatty matter, and 
the fibres were then dried at a steam heat so as to 
remove all traces of moisture. The loss in the first two 
analyses probably arose from the endeavour to estiipate 
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the earthy matter always dissociated with tlie fibre 
sepai-ately, umi which consists 6f various salts, such as 
phosphates of lime ami magnesia, sulphate aii<l carbonate 
of lime, and peroxide, of iron. In tlie last two analyses 
the amount of earthy or mitieral ash i.s estimated along 
with the carbon, d'ias mineral mattci-, according to M. 
OhevrenI, amounts in dillerent wools to from f to 2 per 
cent, and some other bhemists have [daced it higher, 
but there is reason to doui>t whetlier some of the higher 
estimates have not arisen from the presence of nvechanically 
atUiched inij)initi(!s which the structure of the wool fibre 
greatly favoiii's, 

Wlicn dry sheep’s wool is treated with hydrocldoric acid, 
containing Odd per cent of acid, anhydrous ether, cold 
water, and alcohol, in sucees-sion, and then again exhausted 
with alcohol and ether, the wool iibii; is left free from all 
soluble constituents, and retiiins only .such impui’ilics as 
can be l•enl<,lved mechanically. When the wool is thus 
treated the ether Ukes up the fat, the water takes up the 
sweat which is associated with the fibre, and the other 
liquids take up tlie yrdk or suint, wliicli i.s a kind of natural 
soap secreted from the surface of the skin and alvaiys found 
attaciied to the surface of the wool. In .some eases the 
amount of the.se foreign substanuc.s, after the wool ha.s Ijeea 
thus treated, amounts to from 20 to .')0 per cent of tiie air* 
dried wool. 

Keratin.—'l'’rom a summary of the analyses of wool 
which is given ii? (Imelin’s ilawdUmk of Chemutri/, Dr. 
E. J. Mills, F.K.S., has arrived at the conclusion that wool 
is a definite chetnical compound, which is known as Keraim, 
and may bo represented by the formula 
which indicates a very complicated molecule.^ The great 
' Joitrual Chem. tk)c., March 1883, p. 142. 
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coinj)]cxity of wool will be »3Cii best if wo cotitnisl it with 
cotton aiul silk, thus— 

(jnttmi .... 

Silk , , . . (’‘,]I,^N,(V 

Wool .... 

Here, while we have in the cotton molecule only 21 
clomcutjiry n\oleeul(!s, we have 78 in the silk, and no less 
than 219 in tlio wool. In tlm work on the cotton libre we 
endeavoured to realise what might be tiic po.ssible grouping 
of tlie atoms within the molecule, Imt when we come to 
such complicated structures as the fibre of wool we cannot 
possibly attom))t to- do so, and it will probabl}' be long 
before the science of chemistry enables ns to (Uiter upon 
this Held of investigation. Keratin always contains a 
larger quantity of sulphur than the alluiminoids, and when 
free from ash, water, and melanin gave on hydi-olysis the 
following monamino acids ' : - 



fn.nn 

Ki-i'.tliti rinm ' 


lluisfli;uv. 

(iilUSI) l-’i'lllllCI'H. 

j 

. . 

1'<T i-i'Ilt. 

(.-'-Ul.. i 

Glyciii. 

47 

•JT 

Alaiiiti. 

IT) 

l-« 1 

Amino-ViiU-rii; Acid 

O'!) 

0-.^. : 

Lcuciiii! ...... 

71 

S-O 

Pyn)iidiii-‘J-€arljo.\ylic Acid. 

3-1 

3T * 

A.-ijiaitic .\.cid .... 

()-3 

1-1 

Glutamic Acid 

3-7 

2-3 

'fb'i'osiiic. 

3-2 

3T 

Selin. 

0-6 

0-4 


Similar bodies are found also in varying proportions in 
the keratin of the human hair, and considora1.de ({uantities 
of ammonia, whicli is, moreover, a product of decomposition. 
In its chemical relations ^/ool exhibits the characteristics 
^ Abderhalileii, /^dt. Physiol. Chciii. vol. xlvL. p. 31. 






CHEMICAL COMrO^lTlOH OF WOOL 


247 


both of an acul and a base, anj no doubt contains an amido 
acid in its composition. The ammonia formed by the de¬ 
composition is an evidence of an amido ^loup and also the 
strong affinity for acid dyc-stuIVs. Tliis acid nature of 
wool also accounts for the formation of compoutjds of tlie 
fibre with various metallic s;dts, alkalies, and metallic oxides. 
With basic and acid coal-tar colours, and with metallic salts, 
wool yields prccipitate.s*of definite compo-sitions, and based 
upon tlii.s Knecht puts forward an liypothesis that lanu- 
ginic acid, or rather some insoluble modification of it, 
forms a constituent of wool to the extent of 30 per cent of 
its weight, an<l by this means he explains chemically the 
reactions which take place during the mordanting and 
dyeing of the fibre.' 

Also for the dillcrcnce iu behaviour iu <lyeiug between 
wools which have been scoured witli alkaline ear))onate.s, or 
liard watc!’, or treated with metallic salts, and woo! whicli 
has not been so treated, and therefore its acid properties 
remain unsaturated. Also it shows why iu dyeing certain 
wools it is necessary to add varying quantities of acid to the 
dye-bath to obtain the best cllects. 

Acidity of Wool.- The degree or co-cffici(mt of acidity, 
which is the figure showing the quantity of an alkali whicli 
can be neutralised by a given quantity of woo), has been 
determined for wool, and some of the albuminoiils, and the 
result is as follows, the figures opposite each giving the 
milligrams of caustic potash neutralised by one grain of the 
substance:-' • 

Wool.57-0 grams 

Hilk ...... 143-0 „ 

Albumin ..... 20’f) ,, 

Gelatine ..... 28-4 „ 

Globuline . . . ■ ■ 101'5 „ 

• Tliorpu's IHdiomri/ 0 / Aiiplkd ViMiiidnj, vol. i. p. 703. 
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Altliougli llio Mtuount of acidity in wool may bo thus 
detorniincd, it is not possible to determine the alkalinity in 
u similar manner, because, altliough the fibre will absorb 
alkalies, it does not neutralise thorn. 

Wool ti’eated with dilute solutions of alkali ap[)arently 
shows no diftcrence from untreated wool in regard to acid 
and basic dyes, but that it is absorbed and does to a certain 
extent aflect the comjrosition of the wool is shown by an 
increased attraction for such dyes as I3enzo-purpuriu ami 
iiordeaux, which will only dye wool in a slightly alkaline 
bath. 

Decomposition of Wool. How complicated this 
structure really is, and wliat a number of dill'erent substances 
may be obtained by its decomposition, will aj)pcar from tlio 
following results obtained recctrtly by >Sehiitzcnbcrger by 
decomposing purified wool with an arpieous solution of 
barium hydrate at 170 ':— 


PRODUCTS OF DECOMPOSITION OF WOOL 


Nitrogen (evolved as ammonia) 

520 

Carbonic Acid (separated as BaCOy) 

4-27 

Oxalic Acid (separated as BaC.,0,j) 

5’72 

Acetic Acid (by distillation and titration) 

:p2o 

Pyroliue and volatile products 

1 to 1'60 

Elementary composition of fixed [ C 

. 4 7-85 

residue, containing Leucine iH 

7-Gl) 

(Cidljr^NO^), Tyro.-)ine, and | N 

12-63 

other Volatile products lo 

. :n-83 


When wool is destructively distilled at a high tempera¬ 
ture, like most organic bodies it yields a considerable 
variety of diflerent substances. Williams, by distilling 
flannel with strong boiling pot:ish ley, obtained a distillate 
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containing a large quantity of ^yiinionia together with l)nty- 
laminc and ainylaniine. 

Flannel distilled by itself yielded an insuHei ably slinking 
oil (probably due to sulphur coini)ouinls), accompanied by 
lai-ge (piantities of pyrrol, streams of sulphuretted liydrogeii 
gas, and a small quantity of carbonic di sulphide, with mere 
truces of oily basesd 

It is a ([uestion wliethftr we ai’e quite right in supposing 
that we can exactly represent the structure of tlie wool 
fibre chemically by referring that structure only to the 
organic part of tins fibre, and luiglecting as a factor either the 
water of hydration or tlie mineral constituents. ^Vlle^ we 
have exhaustively analyse^l the fibre, and broken up* the 
structure into its ultimate atoms, we must renuuul)er that 
in some way or other they were associated with the.se 
inorganic factors in the living wool, and that they were 
associated with it in some sucli way that we eaniiut possibly 
I’cmovc them without {lestr»)ying the structure of tlie fibi'e 
itself. 

Moisture in Wool— With regard to the water of hydra¬ 
tion, this is an important mat ter commercially as well as 
chemically, because no omi can ad’ord to pay for water in 
place of wool, and it is well known that water is not nnfre- 
qucutly added in order to increase tlie weight. As the 
wool is obtained from the, hirmcr it diHers very widely in 
different classes and seasons as might naturally ha expected, 
'both ill regard to the quantity of moisture and grease 
associated with tht*fi!)rc. 

The author made a series of experiments with well- 
washed wool to endeavour to decide liow much water was 
really associated with the fibre as water of hydration,— 
that is to say, water which really belongs to tlie filire in its 
' Clum. VJiarm. vol. cix. p. 1 * 27 . 
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natural condition, - luoistuve which it will take up out of 
the air when it is left exposed at oidiiiary temperatures. 
He found that after drying a mmii)er of samples of wool 
on a Petrie’s air-drying machine at about 100 P., and then 
exposing them to the air in an ordinary warehouse unheateil 
in any way, l)ut with a temperature of al>out 50' to 60 ’ F., 
that the following was the result: — 


Lincoln liogs . 

. 7 pe 

„ wethers 

n 

LcicestiU' hogs 

. 6 

„ wetliei's . 

!() 

Irish liogs . ' 

7 

Southdown 

. !) 

Skin wool 

. 10 


'rhe.se trials were not ina<lo at the suTtie time but 
extended over .several weeks, and as there was no «loubt a 
difference in the <|uantity of moisture in the atmosphere on 
the different days, this would inffuence the quantity of 
moisture gained by the wool. We may, howevau-, take the 
average gain, which is 8*118 per cent, as a fair i*epresenta- 
tion. 

From these same wools wliich liad gained what they 
would under the ordinary atmosjihevic conditions, samples 
of each were taken and subjected to half an hour’.s beating 
in a laboratory oven wliei*e the temperature was maintained 
at the lieat of lioiling water, which we may take at 212'’F. 
Continued heating, even at this temperature, colours 
the wool yellow, and, indeed, this ckuigc occurs at a 
considerably lower temperature if continued long. AVlien 
the various wools were witlidrawn and weighed the 
following was the observed loss 
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Lincoln hoys . . . 13 jmr cent loss. 

„ wellicivs 13.', „ „ 

fiuiccf^lcr liog.s . , . .14 , „ 

„ Wi-lliei-« .13 ,, „ 

Iriiiii lio;;s .11.'.,, „ 

Soullulown .11 „ „ 

Skin wool . . .Hi „ ,, 

This gives an average loss of about. 11 jier cent, which 
appears to inclicaLc a further lo.s.s of 572 [)er cent as 
eomiwred with ilryiiig at iOO’ V. 

When this w(tol was again exposed to the ordinary 
atmospheric conditions it legaiued a considerable portion 
of the loss which had been sustained, but not all. Ort the 
.average it only regained about !) to 10 [>er cent, showing 
that subjection to a temperature a))j)roaching boiling j)oint, 
even for a comparatively short period of time, destroyed a 
portion of its hygroscopic qualities, or else drove oil' more 
than the water of hydration, and bad already commenced 
to disintegrate certain of the organic compounds whicli 
cither form part of, or are present within, tlie fibre 
cells. 

When these experiments were made, little attention had 
hitherto been given in England to the (piantity of water 
wliich is necessarily as.sociated with wool, but on the 
Continent there were ollicial and public testing establish¬ 
ments in many of the large manufacturing centres both in 
France and Germany, where reports can be obtained in 
regard to the condition both of wool, tops, and yarn. 

Distinction must be drawn between the alwvc figures 
denoting percentage contents or }>ercentage loss and the 
following figures sliowiiig percentage of regain. The 
former are based upon 100 of fibre plus moisture, the latter 
upon the absolutely dry fibre taken as 100. 







252 


wool, FIBRE 


CHAl*. 


The various staiHlards of moisture were first authorita¬ 
tively fixed at the Interuatioiial Cougress held in Turin in 
1875, and the foliowijig are the results; - 

Oottou yarn 

Worsted yarn . 

Carded Muollen yarn 

Flax and hcjuj) 

J utc 

Shoddy yarn 

d’lie regain for silk was fixed l)y the Lyons Chamber 
of Commerce in 1810 at 11 |ier cent, and tliis received 
officiul sanction by tlie Frencli Covernment in USD. 

Since then large testing-houses have been established in . 
this country, of which the two best known are those at 
Bradford, Yorksliire, and at Manchester. Here may be 
found every appliance necessary to make a complete report 
on all the properties of raw materials and yarn, and 
standard tests have been atlopted which are now universally 
accepted in every civilised country. 

In these testing-bouses the weight taken is usually 
2 to 3 lbs., and this is dried in specially constructed 
ovens, so arranged that the material can be w'eighed while 
in the hot atmosphere of the oven, and the drying 
process noted as it proceeds. The material is placed in a 
wire basket, susi»ended in the oven by a wire depomling 
from the beam of a balance standing on the toj) of. the 
oven, the wire passing through a small hole which does 
not hinder the movement of the wire. The oven is heated 
by gas, with a double lining up w’hicli the hot air passes, ' 
aud fitted witli a thermometer the reading of which can be 
taken outside the'oveii. 

' The following table shows the standard allowance of 


8.', per 
IHl 
17 
12 
i;!i 
13 


cent “ rt^cain.' 
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moistnre adopted for cotton and otlicr materials at these 
two testing-houses:— 


TAHLK OF WA’rFR ALLOWANCK 


Matfiri.il, 

.Mmclifisicr. 

I’l^r ci-iil. 

llrailf-'nl, 

• 

I’ur cent. 

Raw cotton .... 



Colton yarn ... 
Worsted yarn .... 

• si 

H' , 



Carded woollen yarn 

17 

17 

Tops condK!)! witli oil 

19 


Tops coniteil without oil . 

m 

m 

Noils. 

11 

14 

Seouri'il wools 

1(1 

Hi 

Jlmnp and tlax 

I’j 

12 

Jute. 


13.? 

Shoddy yarns .... 


13 

Silk ■ . 

11 

11 


It has been found by a number of experiments con¬ 
ducted in those places that if wool is subjected to the 
highest temperaturo which it can sustain without scorching 
that it will regain from 18 to 18i per cent of moisture, 
and we may, therefore, regard this as its rnmnal condition 
under the usual atmospheric conditions. 

Of course, this loss in washed wool would probaldy 
indicate a considerably larger one on the wool as it comes 
from the farmer’s hamls, hut there is al\vay.s difficulty in 
measuring it because of the large f)uaniity of grease, 
earthy matter, and other suhstancc.s which are associated 
with the wool mectianically. 

Mechanical Composition of W 00 I.--M. Chevroul 
gives the following as the compo-sition of samples of raw 
^Merino wool, which were analysed by him after drying 
at a temperature of 212 “:— 
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COMPOSITION OF RAW MERINO WOOL. (CHEVREUL) 
Earthy mattei* dcjiositcd by washiii'' 

the w(Mi] iu wator . . . 2G‘06 per cent. 

Saint, a peculiar saponitied ^a-ease, 

soluble in coM water . . 32-74 „ 

Neutral fats. .... 8-57 „ 

Eartby matter obtained after the 

fatty substances were eliniinab;d 1-40 „ 

Textile fibre . . - . 31-23 „ 

10()-()0 

In this case the water had all previously been eliminated 
by the drying at 212 F., and yet less than one-third of 
the total weight remained as pure fibre. 

Faist gives the analysis of several wools in a similar 
manner, but made before the rd)ro wa.s dried, and he ha.s 
tabulated them thus :— 


ANALYSIS 

OF HAW 

WOOL. 

(FAIST) 



> H<>h>‘ii]i> 

1 irii 

itii W(]'i! 

Ifoliiritlit’itii 

(wasli»!(i 

' Iliitih'ariaii 
(washwl 


1 0“ 

fin<i (Irii-il). 

, and ilrii-d). 

Mineral inattor 

^1*3 

16-8 

0-94 

1-0 

Suint and fatly niatlet- 

11 -3 

44-7 

21-00 

27-0 

Pure wool 

38-0 

28-.') 

7-2-00 

C4-8 

Moisture 

: 11-4 

10-0 

•)-0G 

7-2 

i 

j 100-0 

100-0 

100-00 

; 100-0 


In this analysis, in the case of dried wool, the results 
agree fairly well with the results of exp<5riTnents on washed 
and dried wool,'-where the ‘frying temperature was 100" F., 
which gave 8‘28 per cent as the loss. 

There is always associated with wool a considerable 
quantity of fatty matter. Part of this fatty matter is only 
mechanically adhering to the surface of the fibre, and i^ 
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the result of a secretion from the skin of the sheep which 
is known as the yolk, and bears an important j)art in the 
growth and preservation of the fibre. Tlie remainder is 
chemically united with the fibre, or exists as cell-contents 
in tlie interior. 

With regard to the yolk, Mi-. Youatt, in his treatise on 
sheep, makes the following remarks: “The filament of the 
wool has scarcely pushe*l itself t^i rough the pore of the 
skin than it has to penetrate through another and singnliir 
substance, whicli, from its adhesiveness an^ colour,, is 
called the yolk. It is found in greatest quantity about 
the breast and shonhlcrs, tlie very parts that produced the 
best, and healthiest, and most abundant wool; and in 
proportion as it extends in any considerable degree to 
other parts the wool is then improved. It diflers in 
quantity in difierent breeils. It is very aliundant in the 
Merinos, and is sufficiently plentiful in mo.4 of tlie southern 
breeds, iiitlicr to assist in the production of the wool or to 
defend the sheep from the inclemency of the weather. In 
the northern di.stricts, where the cold is more intense, and 
the yolk of tlie wool is deficient, a substitute for it is sought 
by smearing the slioep w'itb a mixture of tar and oil or 
butter.The use of tar, however, greatly detracts from 
the value of the wool for manufacturing purposes, and is 
now falling into disuse on this account. Ihis artificial 
protection to the wool greatly increases the fineness of the 
j, staple as well as its strength and lustre. “Where there 
is a deficiency of^'olk, the fibre of the wool is dry and 
harsh and weak, and the whole fleece becomes thin and 
hairy; while, where the quantity of yolk is abundant, the 
wool is soft and oily, and plentiful and strong. Vrecisely 
such, in a less degree, is the effect of the salving, in 
supplying, and increasing, and strengthening the wool. 
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Suint.—This yolk is-termed chemicnlly mint, and 
consists in large part of various solulJe salts of potassium 
which is derived from the soil, and after circulating in the 
blood is united with various animal acids, and secreted from 
the skin with the sweat, with which it remains attached to 
the fibres, or forms a layer near their roots. Formerly this 
suint was looked upon as a kind of soap, because it was 
soluble in water, and along with it the wool contained 
about 8 per cent of fat, but this fat is usually associated 
with earthy matter, such as lime, and consequently forms a 
soap which is very insoluble in water. The soluble suint, 
however, appears to bo a definite compound, and is known 
as sudorate of potassium, arising from the condnnation of 
potash with a |>ccu]iar animal oil of which very little is 
known. The recovery of the potash from the washings of 
sheep or wool has become a large industry in districts 
where large ([uantities of sheep or wool arc washed. 
When derived from the wool, the wool is placed in casks, 
pressed down as nnud) as jtossiblo and cold water poured 
over it. No greasy particles escape with the brown 
solution, and all the sand anti dirt is retained by the wool, 
which acts as a filter. The solution obtained is boiled down 
to dryness, and the sudorat<5 of potiissium, which has the 
appearance of baked molasse.s, is broken into lumps and 
calcined in retorts. The resi<)uc is lixiviatcil, and the 
liquors boiled up to 30 ' or even 50'' 1>. The ehlori<lc and 
sulphate of potassium crystallise out on cooling, while the 
.mother liquid, when boiled down to drynes.s, yields 
carbonate of potassium free from so<la. The production 
is generally 140 to 180 lbs. of <lry sudorate of potassium, 
or from 70 to 00 lbs. of pure carbonate, and 5 to 6 lbs. of 
sulphate and chloride of pol/issium from every 1000 lbs. 
of raw wool. 
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Chemical Composition erf Suint.— Buisine fountP 
that the substances soluble in water were very iiumeruus, 
showing the excretion to be an exceedingly complicated 
body or sei’ies of bodies, and centaining all the substances 
or their decomposition ]>roduct.s which are usually found 
in the urine of the herbivorous animals. 

Tliey niaj- he classed as fourteen in numl)er 

1. (.'ai'boiiic Arid 

2. Aiiimniiiiiiii 0;irl'ynal.c (iNII j)„{'(X,). 

It. I’otnssiiiiii „ (K.,(J(),j. 

4. Vnlalilo I'attv Acid.'!, viz. 

Acetic .Acid (Oil.,.(:OOI{.)C,d 1,0.,. 
hropiuiiic Aci.l (ClI..-{JH.,-(’OOII)V.dh;(t,. 
liiityiic 
Valeric „ 

(^ironic „ 

5. Higher fatly acids wliicli arc all present as potassium 

salts. 

.Mnaiilliic Acid (('^.If|.,-(‘0,dT)- 
Capriiiic „ ((Ufn-Ctldl). 

Oleic „ (C,-II,,^-OtlOll.-C,^11, 

Stearic „ (C, 

Orotic ,, 

G. Fats ill a state of cjnid.-^icm. 

7. Idieiiol (<'|dl,-^d)ll) as pola-ssiinu snlplioiiatc. 

8. liactic Acid (CH-yOH(OI]}-(d»OH}, 
n. Benzoic „ {('|.Jb^-006l]). 

10. O-xalic „ (('6.d’l).yO..U/V 

11. Succinic „ (.hrF_,(('().,ll).,. 

12. Uric Acid fU/(X)).jNl],,)d,y[,N,(r, 

13. Amido-Acids, yz.;— 

Glycocol, 

liCiicine, 

'Pyrosine. 

14. Colouring malter, same a.s in urine. 


* Co»i,pki UciuIhs. No, 103, p. 1)0, ainl Joiini. Sic. (!hm. hid. No. r», 

p. 689. 
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Schiitzenbergcr found that when treated with baryta 
water the products of hydrolysis wore analogous to those 
of the albuminoids which contain imido groups, and these 
results wore confirmed }>y Prouilhomme and Flick, w’hoso 
researches indicated the presence of iniido i-ather than 
aniido groups, or that the wool molecule in so fur as it is 
stable contains tlic groups 

C!„0,, the f^roup CO ~ 

but docs )»ot contain any grou])s. Coloured products 
would, however, be obtained by tin; foi’iuation of 
nitrosamines from Ibe Nil group, as all secondary amines 
when treated willj nitrous acid are convoked into these 
bodies l»y tbc substitution of the monovahuit nitroso 
groups—N() for the atom of liydrogeu, wliich is directly 
unite<l with tlie nitrogen. 

Although the absorption of nitrous acid by wool and 
its combination with phenols seems to indicate tbc presence 
of amido groups, tliey are uncertain, as the formation of 
nitrosjimincs witli the imido groups would also yield 
coloured bo<lies witli phenols. 

Cholesterin. —Snint also contains a substance which 
appears to have the composition indicated by the formula 
C, H ,/OII, and which has received tlie name of Chiile4mn. 
It melts at 293 F., and this enables it to be distinguished 
from Imhole4enii, which has the same chemical composition 
but crystallises in needles which melt at 270° F. It may 
be obtained by Imiling the grease witli alcoholic potash, 
and crystallising the unsaponified residue from alcohol. 
Cholesterin l>as a neutral reaction and is without taste 
or smell, insoluble in water, but soluble in boiling alcohol 
and in etlier, cliloroform, acetone, wood spirit, oil of ' 
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turpentine, and in neutral fate and fatty acids. It sub¬ 
limes unchanged at 390® F., but decomposes at a higher 
temperature. It appeal’s to be an alcoliol liomologous 
with chmaraic acid (C^,Mr;CH :Cil’C()Ji), and combines 
with fatty acids forming esters or compound etliers 
similar to glycerides. \Yhen the chloride obtaiined by 
the action of jdiosphorus pentachluride on ciiolesterin 
is dige.sted with alcoholic ammonki, a peculiar sul>stance 
cholosterylamine, having the composition is 

obtained. 'Fliis substance, as olitained togetlier with 
cholesterin, by the saponification of wool grease, consists 
chiefly of an isomerido of cholesterin, which separates 
from alcohol in white Hocks. The portion of avooI grease 
which does not dissolve in alcohol consists of ethers of 
cholesterin and isocholesterin, while the portion soluble in 
alcohol contains free cholesterin, and probably also free 
isocholesterin, together w'ith fatty ethers of both these 
alcohols. 

When wool i.s thoroughly W'ashed in water so as to 
remove all the soluble suint, and is then treated with 
alcohol, the latter solvent extracts a solid and a more 
liquid fat or oil. The quantity of these two substances 
amounts to from 10 to 20 jier cent of the total weight of 
the W’ashed and dried w'ool, and varies with difiei'ent hind.s 
of wool. When wool is w’ashed in water, dried, and 
afterwards treated with alkaline li<juids, a considerable 
tjuantity of these fa^ are given np, but not in anything 
like the same quantities as w'hcn treated with alcohol. 
These two fats may be separated from each other by their 
different degrees of solubility iu alcohol, and were examined 
by Chevrcul and named by him respectively, Stearerin 
(wool-suet), and Elairerin (wool-oil). 

Stearerin is a soliil fat at ordinary temperatures, but 
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melts at 110 F. It is qKilo neutral, ami is appareiitly 
free from both nitrogen and sulphur. It does not foini an 
emulsion when boiled with water, but by boiling with two 
parts of hydrate of potash and water an emulsion is formed 
without the saponification of tlie fat. It disstjlve.s in 1000 
parts akoliol of sp. gr. 0-805 at GO' F. 

Elaireritl melts at GO'’ F. ami, like stcarcrin, i.s neutral 
and free from nitrogen and sulphur. When boiled witli 
water it forms arj emulsion, and is sajamitied by the 
mldition'of hydrate of potash. At the imdting point it 
dissolves in 14G ])arts alcohol of sp. gr. 0-805. Wlieii the 
two fats are tieate<l together with water and hydrate of 
|)otu.sh for ]li5 hours, in contact with air, no solution is 
obtained, but the fats a])))ear to be completely altere<l. 
On mi.King tbe alkaline liquid with jdiosplioric acid, and 
separating tlm acid solution from the precipitated fat, the 
latter is found to consist of one or two muitral substances 
and two fatty acids of dillcretit uniting ]K)ints. 'I’he 
alkaline salts of thes<‘ acids seem to resemble resin soap.s. 
Tlie acid solution yields by distillation a volatile acid 
which has the odour of valerianh^ acid, and probably 
possesses a somewhat similar composition 
ClI-C'HyOOOH). .. 

Lanolin is the commercial form of chulc.sterhi, consisting 
of cholesterol and isocholesterol, isomeric compounds of 
an alcoholic constitution. 

Tlie substance is obtained from wool-oil, which contains 
abo.nt 70 per cent of cbolesterin and 50 per cent of various 
fatty acids. By saponification witli soda the wool-oil 
forms an emulsion w-ith water winch is called wool-milk. 

When tins emulsion is treated in a centrifugal machine 
the lanolin separates out in an impure state as a crcani 
w'hich cun be precipitated by the addition of lime. 
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The purified product is afUrwards kneaded with about 
30 per cent of water. 

Anliydrous lanolin absorbs about 100 per cent of watci’, 
is an antiseptic, and docs not become rancid. 

On account of these properties it is now very largely 
used for medical purposes in the prci)aration of oiptments, 
salves, and plasters, and also in the manufacture of pomades 
and cosmetics. • , 

It is an excelienl remedy for cuts or buins, as being 
insoluble in water, the wound can lie kci)t cool l(y using a 
stream of water as the lanolin will not wash ofl’ and 
bleeding is inmuMliately arrested by it. 

It possesses, possibly as a coiisci[nencc of the water 
associated with it, a greater penetrating power than any 
other fat, sinking deep into tiie layers of the skin, and hence 
it is used ))y agricidtiirists as a salve* for the hoofs of iiorse.s, 
and cows, shee^p, etc,, keeping them soft ami elu-siic, and 
also as a dressing for hnithcr. 

Mineral Matter in Wool. Along witli tin! other 
constituents of wool, there is always a cotisi<lcra)ile variety 
of miiieiul matter, and winch, although it<loes not probably 
amount to more than from 1 to 2 per cent of the whole, is 
of considerable importance when viewed in relaliun to the 
I’eactions of colouring mathu' upon the iilu'c, hocause the 
combinations of the.se mineral constituents, to a certain 
extent, undoubtedly act the part of feeble mordants with 
many dye-stuff's, 'l^io author made a considerable number 
of analyses of the ash obtained by the immieration of 
various kinds of wool, both English !ind foreign, which were 
checked hy an exhaustive analysis made by Mr. W. II. 
Wood, F.L(\, F.t'.S,, which may be taken as a typical 
example. 
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ANALYSIS OF ASII OF LINCOLN WOOL 



Whole 

Si>Iuble 

liiKoInhh' 


Asli. 

Ash. 

Asii. 

Potassium o.\ide K.p. 

:n-l 


traee 

Sodium {jxido Nju() . 

8-2 

17-8 

trace 

Calcium oxide CaO 

1<3-SI 

4-6 

;'l-2 

Alumina AIjO;. ... I 

12^-i 


:!7-7 

Ferric oxide Ft‘._,0;, . / 

' ^ 

Silica SiO.^. 

r.vs 

1-1 

11-1 

Sulphur triuxide SO;,. 

•JO-.') 


trace 

Carlioii (Ibxidc CO.. . 

4-i 



Pliosphorus jtentoxulo IV*.-. 

trace 

trace 

trace 

Chlorine ...... 

trac.e 

100-0 

1 race 

100-0 

_ 

100-0 


Tlio wool was scoured witli liard wldtc curd soap, and 
thoroughly washed with pure watci’ and dried before 
burning. One per cent of ash was obLuned ])y the 
burning. On treating the asli with water 75 per cent 
dissolved, leaving 25 [)cr cent insoluble. The ijnantity of 
any of the above constituents corresponding to 100 parts 
of the wool may be obtained by moving the decimal point 
two places to the left in the figures given under the 
column “Whole Ash.” In some of these analyses the 
author found a much larger proportion of ash, in one case 
at least double, or 2 per cent, but as the excess was chiefly 
alumina, potash, and silica, it seems probable a more 
perfect washing would have removed much of this excess 
in the form of sand and clay, which was probably (irmly 
attached beneath ovei lapjiing edges of the epidermal scales. 
In one analysis as much as 2 per cent of the ash was found 
to consist of magnesium oxide, in whicli case the sheep may 
have pastured in a district rich in magnesian limestone. 

It is impossible, of course, to conjecture in what exact 
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forms of combination or relation tliose various mineral 
constituents are built up into the organic structure of the 
fibre, because the whole is broken up by the ap[)lication of 
the red heat, but as they form in less or greater degree a 
uecessjiry concomit;uit of all wool fibres, they must influence 
the relation of the fibre in a eheiiiical sense to other 
substances. 

When dealing with *1110 mineral constituents of the 
cotton fibre, we jjointed out bow they probably formed one 
of the chief reasons why any reaction hetweeii unmordanted 
cotton and colouring matter was ))ossil)le, since the pure 
fibre itself consists of cellulose, vdiich is a perfectly neutral 
and impassive body. The presence, however, of such salts 
as the carbonate, chloride, and sul[)hate of potassitim, as 
well as the carbonates and phosphates of lime and magnesia, 
together with aliinnna and peroxide of iroii, rendered 
i-eactions [aissible, as these being in chemical union with 
the fibre enabled them to play the part of mordants in 
certain cases, ami thus enable the fibre, to unite with 
colouring mattei-, or have the colouring matter produced 
within the fibre walls. 

The author made a considerable number of expcrimenls 
with the purest cotton fibre which could be obtained after 
the removal of tlie cotton wax, but in all cases, when 
brought into contact with icageiits, it was impossible by 
any process at command entirely to free the cotton fibre 
from them, because whenever liejuid tiaiisfusion took place 
a portion of the leagcnts always remained united with the 
fibre, and from many of the reactions the author formed 
the opinion that this resulted from some attraction between 
the mineral constituents rather than the organic parts of 
the fibre. 

In the same way, but to a much less extent than in the 
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case of eoltoti, he is of opjiiioH tliat these nuneral con¬ 
stituents (!(► ]>lay a j)ai'L in chemical cliangcs within tlie 
wool fibre, unite iiKle]>eiKlent of tlie yreat attinily whicli 
some of tlie albuminoids which compose it themselves 
possess. 

Sulphur in Wool.- Kven when wool is only heated 
to a moderate »iegrcc, say above 150 F., it gives oil’ an 
odour of svdplmr, and the same is perceptible when wool is 
boiIc<l in water, which clearly indicates that considerable 
(piantities are held in feeble aflinity by the const,itnents of 
the fibre. Sheep’s wool dried at 100 F. contains abf)ut 
1*5 to 3-5 per cent of sulphur, of which it gives up none on 
boiling with distilled water, but spring or river water takes 
up some of it, because they usually contain small (piantities 
of alkaline salt.s in solution. 

The amount of snltdinr existing In wool does not appear 
to be a constant factor, but varies in dilVerent samjdes from 
0‘8 to 4 per cent. In this respect wool is similar to other 
albuminoids where the amount is always \ arialile, and there 
is great uncertainty as to the manner in which tlie sulphur 
is associated in the molecule. Tliere seems to be evidence 
to indicate that this element exists in wool in two forms, 
the one an ultimate constituent of the fibre and the other 
in a much looser form, and this foi’ins tlie gr’cater poition. 

Treatment with coni'cntratcd solutions of caustic soda 
will remove as mncli as 81'5 ])er cent of the sulphur, and in 
the dccompo.sition pi oducts of tin: albuminoids the following 
sulphur compounds have been isolated, viz. cystin, cystcin, 
throlactic acid, thvoglycolic acid, ethyl-sulphide, ethyl- 
mercaptan, sulphuretted hydrogen, and dietliyl-thetin. 

Until recently tlie pi-esence of suli)hinic or sulphurous 
acids had not been observed in tiie decomposition products 
of any albuminoids, winch led to tlie opinion that the 
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iilhiimiii molecule did not contain sulphur in combination 
with oxygen; hut Karkow found /ji’if., 1905, p. 

900), that when puiiHed unbleached wool is treated with 
phosphoric acid oonsideiuhle quantities of sulphurous acid 
are evolved. 

In wool, however, considerable <|uantities of sulphur can 
be removed withoiit any structural alteration being observed 
and can be readily s]>lit dfi’to form pietallic sul[)hidcs. 

This sul[)hur cannot indeed be entirely removed even by 
dilute alkaline solutions, such as sodahiy, but* I’equires 
prolonged boiling with strong alkalies which, liowever, 
destroy the texture of the wool. On this point (Ihevreul 
remarks that since the wool disengages .suli»hur and 
hydrosulphui'ic acid without losing its characteristic pro¬ 
perties, he is of opinion that sulpliur, in its elementary 
condition, enters into the composition of a body distinct 
from the tilanientous materi:d proper. This sulphnr is very 
diflicnlt to remove entiredy, and necessitates great care to 
})revetJt discoloration from the foinuition of dark-coloured 
sulphides when the wool is allowed to come either in 
contact with metallic surfaces, or with salts of lead, copper, 
or iron. This can ])e easily dcmonsti’uted hy treating 
wool washed with water with a solution of plund)ite of 
soda, which can be obtained hy dissolving oxide of lead in 
caustic soda, when the wool will become black owing to the 
formation of sulphide of Icml hy the reaction of the sul[duu' 
in the wool upon the oxide of lead. This is very imi)ortant 
when the wool is to be <Iyed bright coloui*s. 

Chevrcul, in the treatment of the wool used at the 
Manufacture dc (lohclins, near Paris, removes the sulphur 
by soaking the libro for twenty-four hours in milk of lime at 
the ordinary temperature of the air, and then washing the 
wool with dilute hydrochloric acid and afterwards with 
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water. He fouiiil that eyeii when tlii.s treatment was 
repeatcil forty-eiglit times, for forty-eighthours each lime, the 
sulphur was not entirely removed, altliough it ceased to 
give any reaction with the plunibite of soda. He e.stimated 
that the remaining sulphur amounted to as much as 0'-J:6 
per cenb^ 

Wv. have already seen that wool is almost identical in 
composition with the other epidei’fnic tissues, such as horns, 
hair, or feathers, and like these there is often associated 
with th<? wool fil)re a colouring matter which exists as a 
cell - content, and is more especially abundant in the 
nucleated cells which are often pre.sent in the central axis 
of the fibre. Of the (diameter of this colouring matter 
comparatively little is known, and yet wc know that in 
various kinds of wool, as in hair, wc have every shade 
represented, from a liglit straw colour ii[) tiirough brown 
and red to black. Vamiuelin found that fair hair contained 
salts of magnesia iji ]dace of oxide of iron and manganese, 
which exist in dark hair, and in black hair he was able to 
distinguish as many as nine ditlercnt substances, including 
a grecnish-black oil. In red iiair he found a red oil pieseiit 
in [ilace of the latter. Some physiologi.sts arc of ojmiion 
that it is not clearly determined how far the colour ol the 
hair is dependent upon eliemical composition, or upon the 
nature and (pianlity of tlie fluid which liathes it, or upon 
the ultimate molecular arrangement of tlio hair substance 
itself.- 

Colouring Matter. —When colourless hair or feathers 
are treated with dilute sulphuric acid by boiling they yield 
a colotirle.ss .solution, but when they are black or brown^ 
they yield a black or brown solution, and leave a black or 

’ h>jcin(j and (Jalh> Friutiun, W. Orooko-s F.K.S., p. 85. 

- Kiiigzetl, Animal V/feni. p. 340. 
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brown umorplious subsUmce )diich approximates in com¬ 
position to allmmin. This substance appears to have a 
composition somethinj^^ like tlie following:- - 

COAiroSITION 01’ UOLOlIiaXG MATTKib 


Carbon 


r).v i(j iH'i' ofiit. 

Hydi‘<)g<*n . 


l-io 

NitJ’ogc'Ji 

*. 

STjO „ 

Oxygen 





100-00 


and may be represented by the formula The 

substance is probably a derivative of albumin and possesses 
■a composition of much greater complexity than tliis formula 
indicates. 

Although the colouring matter in wool and Imir is not, 
when renioved from the living orgJinism, very fast to light, 
it withstands tlie action both of acids aiid alkalies. It is 
never evenly distiibiited through the substance of the fibre 
in the same way as the colour of dyes which aie ap)>lied 
artificially to the fibre. It usually occni’s as a nucleus or 
nuclei in the lanceoiated cells of the cortex, or as endo- 
chrome in the medullary cells as seen in Tig. 0. The 
cell-walls arc seldom coloured except in cases where the 
colour is very deep, ami sj)ccially in black and red. When 
artificial colour, .such as dye, i.s uj»]»lied, however, the reverse 
is the case, as the walls of the cells are more coloui’ed tiian 
the nuclei, and in this case, and especially in coloured wools, 
the medulla becomes less distinct and the layers more 
uniform in appearance. 



CHArTEE XI 

ACTION OF UKACF.STS UPON WOOL 

In coijsidoriiig Llie reaction of reagents upon wool llio first 
place must be assigned to the caustic alkalies, because of 
the very important part winch they play in the washing' 
of the wool [woparatory to tlio manufacturing process. 
Like all the horny tissues and animal tilnes, strong 
alkaline solutions easily dissolve wool, giving off ammonia, 
especially with the aid of heat, ami forming a yellow 
solution which, when treatc<l with acids, gives oil' hydrogen 
and forms acetic, butyric, and valerianic acids, also 
leucine, tyrosine, etc. 

Kven when the solutions are not stroiig, all animal 
fibres sufler partial decomjmsition by the action of carlion- 
ated alkalies, and especially when assisted hy an elevated 
temperature. 

In using any alkali or alkaline salts, of any kind, as a 
cleansing agent, it is, thcicfore, sjiccially important that 
the giioatest care should he taken in regard to both the 
strength of the solution ami the temperature at which the 
solution is applied. The latter i>oint, vix. the temperature 
of the solutiojf, is a mo.st important matter, and ia 
oim which must nevei’ he overlooked in our washing 
processes. 
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Influence of TeinperatuBe--It has Iteen seen that 
the real base of Oie \vuol fibre is a !>ody wliicli very 
closely resembles, and is allied to, the albuminoids, and 
all these bodies arc subject to very great changes in 
molecular condition wlien subj(!ctcd ev(‘n to moderate 
degrees of heat. The wool fibre, {irobably, in tln^ natural 
staf-e contains, as the largest element in its cumpositioii, 
a series of several albiinflnous bodii's which form the walls 
of the con.stitiient cells ami the covering membranes of the 
e[)i<lermal scales, and it is difficult to understfiiid how 
a very slight ciiaiige in the temperature, oven without, the 
[iresence of any alkali, can be made without affecting these. 
'I’lie author made a series of experiments with a bright- 
hairtal wool with a \’iew to delermine how far the lustre 
and strength were affected hy the applieation of different 
degrees of heal without the presence of any alkali 
whatever, So far as l.he liriglitne.ss of the hair was 
concerned, it is somewhat difficult to estimate exactly the 
changes which occur, even ov<!r a considerable range of 
tem[)erattu'e, because, as the results have to he measured 
hy the com{)ari.son with .small quantities, there is a wide 
margin for error arising from the difficulty of presenting 
them nndei' the same ilhnnimitioii, hut if tlic range is a 
wide one, say 100' K., there is no difliculty in seeing liow 
serious tlie (juostion of temperature becomes. 

Action of Water on Wool—AVool whioli looked 
quite bright when ^ well washed with te])i<I water was 
ilecidedly duller when kept for some lime in watyr at a 
temperature of IGO F., and the same wool when subjected 
to l)oiling water, 212® F., became (piito dull and lustreless. 
When examined under the microscope tin) caii.sc wa.s quite 
apparent. The scales of the wool when only treated with 
tepid water hiid a smooth horny appearance with an 
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almost metallic lustre wlien seen by oblique light. When 
treated for some time at 100’ F. the lustre was decidedly 
less and the scales liad more the appearance of a smooth 
paper wliich was unglazed. When treated with boiling 
water the lustre was still further diminished, and the 
appearance like that of dull white blotting paper, with a 
more or less fibrous structure apparent. If the boiling 
is continued long enough, when the water contains even 
very .small quantities of an alkali, the whole of the .surface 
of the vool, an«l indeed the substance of the woo! itself, 
is dissolved into a jelly-like mas.s. AVe can also easily see 
how important the (picstion of the (piality of tim water 
becomes, becau.se many s]>ring waters contain consideral)lc 
(juantities of alkaline salts wliich react upon the free 
sulphur in tlie wool, and at elevated tein])eratiu'es these 
chemical changes tend to .set uj) a partial dissolution of the 
covering surfaces of the fibi-es. 

When tested for strength, th<! sumo Hhi-es which 
carried on the average 500 grains before boiling, only 
can-ied 480 giain.s afterwards. The matter is still more 
serious when the liquid used contains caustic alkalies, 
because these liavc a direct action on the fibres even in 
the cold. Alkaliiiity is, indeed, in most cases unfavourable 
for the treatment of wool, and although absolutely 
neccssaiy in some cases, as the dyeing of indigo, which can 
only be applied in the alkaline state, this sliould he 
reduced as far as ever possilde so as^ to prevent injury to 
the fibre. Extract of indigo may, however, bo used in 
dyeing from an acid solution. 

The continued action of boiling water decomposes the 
w'ool to a certain extent, as botli ammonia and hydrogen 
sulphide may he detected in the gases which are given off. 

When wool is decomposed in this manner tlie soluble 



XI 


ACTION OP REAGENTS UPON WOOL 


271 


products show all the charagtcristic properties of the 
peptones, and Siiida suggests that this action of boiling 
water upon wool may account for the lack of fastness to 
I’libbing often noticed with basic colours on wool. 

When M’ool is heated to 200 F. under pressure the 
fibre becomes completely disorganised, and on dryyig may 
be rubbed into a fine powder. At liiglier pressures and 
tempei'uturos it is entirdy dissolved and will act like a 

jelly- 

Dr. Kneeht ])roposcd to separate wool fronf silk in 
mixed goods by treating the fabric under pi'cssui’e at 
2GG° F., as the silk is not aflected and the wool becomes 
carbonised and can he removed as a powder when dry. 
This process has not been coinmei cially used. 

Action of Alkalies on Wool. —Although'the action 
of alkalies on wool, even wlien veiy dilute, is (piite 
u])preciahle, when strong it is very marked, as a 5 ])er cent 
solution of caustic sod;i will completely dissolve wool in 
ahout live minutes. There seems to he a critical point in 
strength at which the action hccomes much niore energetic, 
as Kiiecht found that e^■ell after boiling the wool with a 
caustic solution, containing 3 percent of the weight of the 
wool, for three hours that the wool was not disintegrated, 
but with G per cent the wool was entirely dissolved. 
The action of cold solutions of concentrated caustic alkalies 
is very peculiar, as it was found by Kertesz^ and by 
Buntrock ^ that while solutions of caustic soda of a strength 
below 75’IV. rapidly destroy wool, yet with stj-onger 
solutions of 75’ to 100’Tw, the fibre was not only not 
destroyed but became bleached and white in ajjpwirance, 
with a high lustre and a feel and scroop similar to that of 

• Kt‘vti‘sz. F(irh>r. Arit. vol, ix. |)}i. S.'i-ll. 

" Uiiiiti'uck, ihitl. vol. ix. pp. Gl'-71. 
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silk. The nuiximiim efre.ct was obtained by using a 
strengtli of 80" Tw. and subjecting the wool to this treat¬ 
ment for not more than fiv'o minutes and at a temperature 
of not more than 68" K.' 

Mercerising^ of Wool. —This action is very similar 
to the action of cold solutions of caustic soda upon cotton. 
As Mercei’ found that when cotton was treated with 
caustic soda of a sp. gr. of 1’.3‘or the fibres became 
stronger and fuller, ami unri 2 >e fibres l>ccame as if fully 
ripe, and converting thin ami coarse cloth into strong and 
fine cloth with improved [tower of receiving colour and 
retaining it more permanently ; and the author found iti 
1883 that if the cotton yarn, and e.s[)Ocially Egyptian, was 
mercerised and washed under tension that a very high 
lustre almost e<|ual to silk was obtained, a. process which 
is now extensively used. This [trocess is called mercerising, 
after its discovci-er. In the case of wool the action of tlie 
alkali is rendered more effective hy the addition of glycerol 
to the solution. This action is acoom))anied by the 
absorption of a considerable amount of tlie. sodium hydrate 
and a rise in the ten»[xjratnrc. It is not known, howcvci', 
at present whetlier this is a li'ue clnuiiieal combination 
with the wool fibre, but the rise in tem[)cratiire seems to 
favour such a combination; and it may also indicate a 
combination with some of the more feeble constituents 
of the fibre, such as the sul[)hur, since after the wool is 
merceiised only al>out l-o per cent of the total amount 
[)rcvi<^usly contained in the fibre remains. 

The improved dyeing ([nalities ar(^ also very marked, 
as the <lycing solutions are more exhausted and the shades 
deeper with the siime strength of bath. 

Quantitative analy.ses have shown that this increase in 
• Matthews, Jauni. Soc.. Clieni. Im/. vol. xxi. p. 685. 
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absorption occurs with all classes of ilyes, as will bo seen 
by the following tabic given by Matthews,' viz,;— 

INCKHASK IN ABSOKrTION BY MURCERISEI) WOOI. 

! rhssotl)y,«tair. Al.s«|ilioir , 

I |M-r 01 lit. .1 

• I 

1 Basic .• . lil Tj i 

Acid. ‘JOO t 

Siilistaiitivi-. 25-0^ 

iMordaiit. 

it will he noticed specially how much is tlie incret^^cd 
affinity for metallic salts wliich ai-c usually employed as 
mor<lant.s. Jn mercerised cotton there is a very marked 
change in the microscopical appearance of the fibre, but 
with wool the change is not so marked. The scales on the 
surface of the fibres appear much more adherent to the 
cone,', as if fused together, and so present a more con¬ 
tinuous reflecting surface, wliiidi dcci'eases dispersion of 
the light ami thus increases tlie lustre, but the diameter 
of the fibres seems to be unchango<l. In the case of cotton 
the increased strength probably arises from the slirinking 
up of the filne, which becomes more l obust and increased 
in section, while in the wool it probaldy, by the fusion of 
the surface scales, offiors greater resistance to being pulled 
asunder and also no doubt causes the lanceolated cortical 
cells to shrink in length and increase slightly in diameter, 
and thus in sectional area, and render the cortex •more 
dense. So far the merccrisation of umol docs not appear 
to have made the same progress as that of cotton for 
commercial purposes. 

Heat of Combination. —It has been noticed that the 

^ Tt'.rlilc I'ibrex. j>. ’I". Cliapiuiiii :unl If.'ill, fjoixlon, 1907. 

T 
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temperature rises in the mercerising solution during the 
process, and this is dependent on tlie nature of the material 
entering into combination with the wool. Vignon ^ has 
experimented on the amount of heat liberated or disengaged 
by treating different acids and alkalies acting uj)on 
100 grhras of unbleached wool, with the following 
results:— 


J{eat'ent. 

Calorics lilii'ralPil. 

I'otassiiini Hydrate (iionnal) . 

24 -no 

Sodium ....... 

24 -^O 

Hydiocliloi ic Acid . .... 

20-O'. 

Sul|ilinric. 

201)(i 


These figures may be Uken to indicate the j’elativc degree 
of acidity ami alkalinity in the wool fibre. 

Use of Soap in Washing. -Iknav, soaps of good 
quality, and us neutral as possible, caibonuto of ammonia 
and caustic ammonia, and stale luino, which contains 
carbonate of ammonia, are the substances which act upon 
the wool fibre the least, and can therefore be })est used as 
^fletcrgents; but both soda and potJisli, esjxicially tlie lattw,' 
can also be used without injury if the quantities and tempera¬ 
ture are properly regulated. 8t;de urine is prol)ahly the 
oldest known detergent for wool, and when mixed with 
about 5 times its* volume of water and uso<l at a medium 
temperature cleanses fine wool \eg' well. TIjc active 
ingredient is the* anirnoninm carbonate liboiated by the 
decomposition of the urea. 

Disulphide of carbon dissolves the suint and fat of wool 
very easily and cr)mpletcly without injuring tire fibre. 
The disulphide may then, when removed from the wool, 

' Compf. Bem/. No. 17, 1900. 
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be driven oft’at a steam heat, leaving the unchanged fats 
behind as a residue. The only bar to its use is its excessive 
intiammability and cxjdosive character when the vapour is 
mixed witli air. To avoid this danger iMulliiis placed the 
wool in an enclosed centrifugal machine into which the 
carbon disulphide is admitted, and when the Tiquid is 
stitiu’ated the machine j.s set in motion, and the wool 
finally washed witli watei’, whicli displaces ail the di- 
.sulphide, and the mixture of disulphide and wutgr is then 
allowed to stand and settle on a tank, when the disul[»hidc 
is drawn off from below and redistilled for use again. 
The wool is then washed in the usual way. Experiments 
are saitl to luive shown that wool cleansed in this way is 
stronger, will .spin to finer counts, and costs very much 
less than if washed with soap. Also as the wool is never 
heated when in contact with the disul])hi(le the colour is 
not in any way deteriorated.’ The author found good 
results by. the use of chloroform, whicli is non-inllammable. 

Wool Washing.—Many of the soaps used are strongly 
alkaline, and literally as well as meUphorically mmr 
the wool. If we use a soap for our own skin which 
contains a large quantity of free alkali, we .soon suffer from 
its efl'ects, and tlio tender epithelial scalc.s of the wool fibre 
are quite as delicate as the surface of our own *body, and 
no wonder that they arc injured, o.specially when subjected 
to an elevated temperatuie. Ilow few, however, of the 
manufactured soda s«>aps approach to a neutral character 
and do not contain a large amount of free alkali, and the 
same may he &iid of the potash soaps, which for the treat¬ 
ment of wool arc much better than soda, as is shown by 
the fact that the natural grease on the skin of the sheep, 

- Dijeing of T<'..dUc Fubria, J. J. Hiiniiiicl, p. 102, Cas.wll Si Co. 
London. 
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‘which feeds and sustains th'e wool, is largely composed of 
this substance. When cheap soaps are used we have all 
kinds of unknown elements introduced,—rc.sin, silicate of 
soda, china clay, and other bodies—and large ((uantities of 
free alkali to enable them to clear a large quantity of wool 
from gitase, without any thought of the deterioration of 
the fibre. 

do wash wool comptetely, ami in the i)est manner, it is 
usual on tiie Continent, and especially with the line wools 
in which the suint forms such a large portion of the weight 
of the deecc, to put it tlirough three opeiations, viz.• 

•1. Steeping in tepid water. 

2. Washing in weak alkaline .solutions, 
d. Rinsing or rewashing in water. 

Sfeq>)i>g.~—'Mixny wools as now recei^■ed in tlie bale 
have already been waslicd or steeped to some extent in 
water, and in such cases a steeping process is unnecessary, 
and the remains of the yolk or suint do to a certain extent, 
when brought in contact with the alkali in the soap, assist 
in the washing process. If this steeping is omitted, wlion 
the wool is shipjied witli tlic suint attiiclicd, many valuable 
products ai‘e lost wliich are recovered in France, Belgium, 
and (lermany, where large rpiantitics of carbonate of 
potasli derived from this source arc manufactured. 

In practice the steeping is conducted in several large 
iron tanks, which can be heated by steam and so connected 
that they can be filled and drawn ofror,(q)arately or worked 
in seHes. The first ono i.s filled with a cliaige of wool 
and water at a temperature of about 112" F., and the wool 
is allowed to steep for several hours until no further suint 
can )>c dissolved, 'rhe partly saturated water i.s then run 
into the second tank charged with fresh wool, and .so 
circulated from taiik to tank until it i.s fully saturated. 



P'rcsh warm water is continujflly introduced into the first 
tank until all the suint is dissolved out of the wool, and 
the tank is then emptied of the wool, which is icady to go 
to the washing machine. Usually five or six- tanks arc 
employed, and the roktion is such that the raw greasy 
wool is first washe<l with the mo.st concentrated* solution 
of li<|ui<l, and the parti}’ steeped wool with continually 
decreasing strength, until it is finally hronght into contact 
with the warm water alone. The saturated solution of 
.suint is then gradually concentrated in a suitable furnace 
in which the w;iste heat comes in contact with the weakest 
solution, and the process continued until it is evaporated 
to <li'ynes.s and all the organic matter calcined out of tlie 
magma. 

'riie water extract consists of potash .sidts and various 
fatty acids, Imt nut any wool grease, which is iii.solublc in 
water; and lUOO Ihs. of wool yicld.s alioiit I fO to 180 Ihs. 
of dry residue, and wlien ignited in the furnace yields, 
after ull the organic niattei- has been removed, 70 to 
1)0 il):- of potassium carhonate and 5 to 0 lbs. of potassium 
.sulphate and chloride. 

lyashiiifi is now almost iinivorsally conducted in 
machines of which then! are many difl'ereiit makes, such 
as M‘Natight’s, Petrie’s, and others, and which consist of 
largo ii-ori troughs pi-ovided with a series of rakes which 
are worked mechanically and carry forward the wool from 
the feeding end ljy«ucccssi\'c stages to tin- final .squeezing 
rollers. Those machines are usually [)!aced in series of 
about thi'ee, placed at diHereiit elevations, so that the 
water Avhich entcr.s tlu^ highest trough at the roller end 
can 1)0 successively run into the lower machines, and thus 
the entering wool is washed with the most concentrated 
solution of the washing liquor, and the washed wool comes 
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only in contact with the entering water in the higliest 
trough for the final JUmng, and tlie whole process is 
continuous. 

Grates arc placed in the bottom of the troughs through 
which (lil t and othei’ mechanical impurities fall, and the 
exluruste^l and saturated liquor drawn from tlie first 
trough is run oflf into stone cisterns, where it is treated 
with sulphuric acid and* the oil and fatty matter from the 
auint and soup recovered and sold. 

Temperature of Washing. —This is a most important’ 
point, as the lustre of wool is so easily destroyed when a 
high temperature is I’caclicd. It is safe to assume that 
the lower the temperature can be kept consistent with 
removal of the adherent impurities the better for the wool, 
and the less tlie alkalinity the better, and specially with 
tine wools, as it i.s most unadvisable to extract any of 
the oil which is oilier than inechani(iully associated with 
the fibre. For manufacturing purposes after the wool is 
washed there ought always to remain about I per cent of 
oil, otherwise the fibre loses nature and becomes liarsh 
and diy. The temperature ought not to exceed 130''F. 
if the best lustre is to lie iireservod. 

Oiling of Wool.-*-Aftcr the wool is washed, in order 
to enable it to undergo the manufacturing process, unless 
the French system of dry spinning is adopted, it is usual 
to sprinkle oil on to the wool, and of oils good olive oil 
has been found best, and is easily rcmgu'cd by backwashing 
the sliver or the yarn. This cleansing process, however, 
necessitates retrcatmeiit with alkaline solutions which' arc 
not good for the wool, and in recent years, and specially on 
the Gontinent, in place of olive oil, neutralised sulphatod 
castor oil, or castor-oil soa[> solutions, instead of oil, have 
been used with advantage, because these can be removed 
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without using any alkali l)y tho simple process of washing 
in soft te[)id water. 

In the washing of wool the greatest attention ought also 
to he paid to tlie character of the water u.scd, and the 
softer it is, that is to say the less mineral salts which are 
contained in tlic water, the better will it bo # 101 * • the 
character of the wool and the economy of the oj)eratioii. 
As a rule the use of sprmg water* is risky, because they 
almost always coiitiin more or less carboiiJite and sulphate 
of lime. The lattir is tlic most objectionable, because it is 
very difficult to remove; wliereas the former can be 
removed, partially at any late, by prolonged exposure to 
the air or to a boiling temperature. If, however, the water 
'contains very large fjuantitics of soluble salts, it ought not 
to be used unless it is previously softened by some process, 
such us the Hydu-Clarke or other methods. If a hard 
water is used, the salts immediately decompose the soap, 
the sulphuric and carbonic acids contained in them uniting 
wjtli the alkali, wliilc the fats and oils unite with the lime 
to form an insoluble lime soaj), which i.s deposited on the 
surface and within the meshes of the fibre, and fixes all 
the grease and other impurities which the washing was 
intended to remove. Nor is-this all, for the insoluble lime 
soap wliich is fixed into the fibre attacks all the dye-stuffs 
which may be afterwards used in dyeing the yarn ami 
renders it <juite impassil)Ie to obtain either fast or even 
colours, while it is qjmost impossible to lemovc it by any 
number of subsequent washings when once deposUed on 
the fibre. In the washing of wool wo ought also to 
remember that the fats associated with the wool are of two 
kiiids; those which are only meclianiailly adherent, and 
those which are chemically constituent, and probably form 
an integral part of the fibre cells. Wo can remove the 
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forinei' witliout any dctorioiatiuii in the <iiuility of the 
fibre; but it is Very doubtful whether if wc trc?ieli upon 
the latter we do not injure both the strength, brilliancy, 
and elasticity of the fibre. 

That these conditions are not attended to l)y the majority 
of our Ruuuifacturcrs, and indeed lianlly ever receive a 
thought, is a matter of our common exped ience. 

On the (.'ontinent the washing of the wool is usually 
more attended to, with a view to hsaving tlie constituent 
fats within the fibre undisturbed, and thi.s enables a softer 
and more pliable fibre to be obtained, as well as a far better 
condition of both the surface ajid interior for the reception 
of colouring matter. 

Strong alkaline solutions above 50' Tw. lia<l been 
discovered by Mercer not to injure but strcngtlien the 
cotton fibre ; but if tlie solution is weak the filue is tendered, 
especially if the alkaline .solution is at a lioiling tempera¬ 
ture. Unlike cotton, strong or weak alkaline solutions 
deteriorate wool, because even when sulliciently weak not 
to decompose the organic structure of the cells of wliich 
the fibre is composed, they act on tlie fatty contents of 
these cells, and by the removal render the cell-walls more 
brittle and less elastic, as well as more unalilc to withstand 
flexure, by the removal of that which assisted the sliding of 
the cellular surfaces over each other. Wlien the author 
trcatcil a sample of wool with an alkaline solution of caustic 
soda which coiitiiincd 5 per cent of fodu, he found that 
the .same fibres whicli on an average carried 500 grains before 
treatment only carried 4-f() grains afterwards, which gives 
a diminution of 12 per cent and show’s liow serious the 
deterioration is. 

This ought always to be remembered when treating wool 
for the removal of the grease which is mechanically 
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associated with it, since, if there is an excess'of free alkali, 
this excess, whenever the adhering grease has been removed, 
immediately attacks the surface of the wool and, penetrat 
ing within the fibre, nnnoves tlic constituent fats which arc 
a necessary part of the cell-contents, and thus deteriorates 
its strength and lustre, and no after-process of oiling can 
so well and intimately reassociate grease with the fibre. 
Even when it is necessary that the constituent fat should 
be removed in order to facilitate the action of certain 
colouring matters upon it, it requires to be done by the use 
of weak reagents, and the author is of opinion that many of 
these cleansing processes could be much better performed 
within vacuous vessels, so as to assist the passage of weak 
reagents into tin! interior oL the fibres, which usually 
contain considerable (piantities of air, and thus resist the 
passage of fluids into the interior at the ordinary pressure. 

LanUginiC Acid. —Under certain comlitions the action 
of alkalies upon wool fibre produces a characteristic acid 
known as lanuginic acid. It is soluble in water, sparingly 
so in alcohol, and insoluble in ether. Atjucous solutions 
yield highly coloured preci})itatos with acid and basic dye- 
stutVs, with tannic acid and jiotassinm bicliromate it gives 
l)recipitHtes. At 212 F. it hccomes soft and plastic and the 
coloured lakes produced by it also melt at this temperature. 
Knecht gives the following analyses— 


('arboii 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 


41‘61 per cent, 
7-:u „ 

10-2fi „ " 

3:i5 „ 

31-44 „ 

n3-»7 


This corresponds to the formula 0,^^ 0.,^^,. Tliis 
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acid is best produced by treating the wool with alcohol, 
ether, and l)oiling acetic acid, which remove all sulphur 
and impurities. Tlie purified wool is then l)ujk!d with 
concentrated baryta water, the excess of baryta being 
remove<l by carbonic acid, the filtrate precipitated by lead 
nitrate, jyid the copious precipitate washed and decomposed 
by hydrogen sulphide. The solution on evaporation leaves 
lanuginic acid, as a yellow, translucent, and uricrystiillisable 
mass. This aci<l give.s .salts with both baryta ami lead. 

The reliction of alkalies upon wool fibre gives a ready 
means of distinguishing it when ini.xod with vegetable fibres, 
as the wool completely dissolves when boiled for some time 
in potash or soda-ley of a specific gravity TOi to T05, 
while the vegetable fi)»re.s remain entirely iinattackcd. 
Silk, however, dis.solve.s in tliis solution the .same as tlie 
wool. 

Carbonising. -The action of acids upon wool is very 
similar to their action npon all tlie lun ny .structures, but 
very ditlercnt to their action upon cotton. We .saw that 
strong acids and alkalies acted upon cotton in .such a manner 
as to strengthen it, wliile weaiv acids, especially with the 
aid of heat, rapidly destroyed tlie fibre; but destroyed it 
in a peculiar way, by a pi'occss of disintegration, which, 
while it permitted the component cells to be separated fi’oiu 
each other, really left their mechanical .structure unchanged, ' 
and that upon this peculiarity one of the most successful 
methods of separating wool from mix^d fabrics is based. 
The treatment of the wool along with acid for tlic removal 
of the burrs or vegetable fibres associated with it, and 
which arc very great sources of annoyance in the process of 
manufacture, does not injure the structure of the wool 
fibres, although it entirely destroys the others; and, indeed, 
some experimenters are of opinion that the action of the 
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aciii rather toniis to strengthen the wool than otherwise, 
lien* Weisuer, of Vienna, found that when liorschair and 
mohair were treated with acid which did not exceed 4 
per cent in quantity, or the heat above 150" F., fibres 
which before treating with the acid l>roke with a strain of 
180 grains, afterwards carried jvs much as 56& grains. 
W'lien, however, the strength of the acid solution was 
raised to above 7 per ccn£ the fibres were weakened. The 
author made a .series of experiments with a view to test 
tliese results with the longer English wools, hut’ was not 
able to detect any strengthening influence, as when treated 
with acid (sulphuric) up to even 10 per cent the average 
strengtli of the fibres remained unchanged; but lie found 
that the temperaUire was a very important poijit, as with 
solutions not exceeding 2.',- per cent of acid and a prolonged 
temperature of under even 150' F. the fibre was weakened. 

In the case of wool the action is the niversc of that 
with cotton, for the action of weak uci<ls upon the wool is 
very little indeed, while even weak alkalies, with the aid of 
heat, destroy it more or less, and strong alkalies completely. 
The action of alkalies upoii wool seems indeed to he like 
the action of acids upon cotton; they destroy the bonds 
between the individual ceils while the cell structure remains 
unchanged, and hence .strong solutions of caustic soda or 
poUsh are the best reagents for bringing out the cellular 
structure of all the epidermal substances. When wool is 
heated along with strong sulphuric acid, the filires swell 
out and partially dissolve, and the solution when diluted 
with water becomes turhid when neutralised with an alkali 
or mixed with the ferrocyanide of potassium. When 
wool is boiled for a length of time with weak sulphuric 
acid the solution yields tyrosine, leucine, ammonia, and 
other compounds. 
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Nitric Acid.- -Wlicn wool or any of the liorny ti.ssucs 
are heated along with nitric aciil, the hhre .swells up ami 
becomes yellow in coloui-, and ultimately dissolves in it. 
Wlien ammonia is added .so as to neutralise the acid, the 
yellow solution acquires a darker colour, and at last 
becomes an orange tint. Van Jjaer is of opinion that in 
the first instance xanthoproteic acid i.s formed, then 
saccharic acid, and filially oxalic acid. 'I’lic fact that 
nitric acid, even when dilute, colours wool yellow, is taken 
advantage of in the printing of patterns upon woollen 
fabrics, especially those wliich have previously been dyed 
blue with indigo, becau.se in de.stroyiiig the indigo the 
nitric acid gives a deejiei' yellow stain wliicli i.s quite 
permanent. Tlic action of nitric acid upon wool and silk 
is not tlioroiigbly understood, but many clieinists arc of 
opinion that the .surface is j)artially converted into picric 
acid. Acetic acid produces little action upon wool lioyond 
destroying the lustre of the fibre, Imt it causes it to swell 
up, and when aided by heat and long-continued applica¬ 
tion will disintegrate it. 

Hydrochloric Acid. —Strong liydrodiloi-ic acid pio- 
duces along with wool the same Idueor violet colour which is 
characteristic of all the allmminoiis substances Avhen treated 
with the .same acid, and when the action is iniensified by 
heat the wool gradually dis.solves. When tlie acid is very 
strong its continued appliciition, even when cold, will dis¬ 
solve the fibre. W’eak acitl, however, h not attached firmly 
to the‘fibre and can nearly allbc removed by the action of hot 
water. Dry bj drochloric acid ga.s carbonises the fibre ami 
completely disintegrates it when the action is continued 
long. 

Chlorine Gas. —Closely allied to the action of strong 
acids upon wool is the effect produced by chlorine gas. 
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All the horny tissues when subjected to chlorino, in an 
aqueous solution, appear to undergo no change in external 
appearance, but they become more harsh to the touch, 
and dissolve completely in animonia with the evolution 
of considerable quantities of nitrogen. 

When in a concentrated state, chlorine has" sucli a 
powerful efi'oet upon all fil>rous matters that it comjdetely 
destroys them; bnt u'hen iise<] in "a diluted form it only 
acts upon them in su<;h a way as to incieaso their 
susceptibility to I'eceive colouring matter. In the case 
of chlorine acting upon cotton, we .saw that its action 
was in all probability increased by the tendency which 
the cotton fibres posses.sed to ai)Sorb large quantities of 
gas within the sul>sUmce of the fibre, in the same way 
as spongy platinum or bone charcoal. Wool possesses 
thi^ pi’operty of condensation in a marked degree, as 
we have no doubt all have had cxj)eiiem‘e in the length of 
time which woollen clothes will retivin the scent of various 
aromatic snlistances, such as tobacco smoke. It will 
even attach itself to tlie hair of the head and hoard, as 
in the case where a non-smoker has been with others 
who have been smoking in the same room or railway 
carriage. 

The discovery that chloi-ine increased the power of 
wool to ah.sorl) colouring mutter by piiriting was discovered 
by Mcrcei'. Thi.s action of chlorine upon wool has been 
voiy largely used ih the printing of moussclinc-de-lainc, 
which is pi’opared for the process by passing the* goods 
through a dilute solution of bleaching powder (cldoride 
of lime), and then through an acid which liberates the 
chlorine within tlic meshes of the goods, and but for 
tliis discovery tlic printing of these goods by machinery 
would liavo been impossible. 
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When exposed to the aotion of dilute chlorine gas 
wool absorbs considerable quantities which entirely change 
its character. Its attraction for colouring matter is 
con.si<leral)ly increased and it acquires a high lustre and 
a silk-like feel and scroop, but at the same time it loses 
all its relting properties and becomes harsh. A recent 
German patent has been taken Ciut which states that the 
harshness may be cotisiderably mitigated by working 
the clilorinated wool in a solution of a salt such as 
citrate of zinc, acetate of iron, or stannate or aluminate 
of soda, and then aftei- treating in a bath of very dilute 
alkali, exposure to the aii-. 

Chlorinated Wool has now an estjiblishcd place as 
an article used in manufacture, and is employed to produce 
many novel eflects. It may be most usefully prepared 
in the following manner:— 

1. I'he wool to })C treated must be very thoroughly 
scoured so as to remove all traces of oil or fat, as the least 
traces of these invariably lead to unevenness in the 
finishing process, and this cannot he remedied when the 
yarn has been subjected to the next j)rocoss. 

2. The yarn must be steeped for 20 minutes in a cold 
bath of hydrochloric acid of a density of T5'’ Tw. 

d. The yarn is then immersed and worked for 10 
minutes in a solution of l>leacliing powder of a strength of 
a' Tw. 

4. WJien removed from this ball, it is again treated 
for about 20 minutes in a'bath of hydrochloric acid of 
the same strength as in Ko. 2. 

5. The yarn is firdslicd by thoroughly washing m cold 
water until all traces of acid are removed. 

The yarn now possesses a .silk-like gloss and will not 
felt. 
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As ii consequence of this, when clilorihatcil and im- 
chlorinated wool are woven together in a figured fabric 
and afterwards fulled in milling-stocks the unchlorinated 
yarn shrinks and felts while the chlorinated yarn remains 
unchanged; and thus many novel effects in pattern can 
be obtained as well as the dill’erencc in lustre; and these 
cun be further emphasised by varying the character of the 
wool, some of which felt better than others. In the same 
way, since (he chlorinated wool has increa.sed affinity 
for dye-stufis, many beautiful two-colour and shot eflects 
can be also obtained with the same dye-l*ath when the' 
piece is dyed. A\'hen a slight yellow' tinge which is 
sometimes imparted to the chlorinated wool is objectionable, 
it is better to use sodium hypochlorite in jdace of tlie 
chloride of lime in the third {irocess of preparation, and 
sulphuric acid in place of hydrochloric acid in the second 
and fourth i)?-occsse.s. 

Many years ago laghtfoot took out a patent for 
preparing wool and other animal fibres to be dyed aniline 
black by treating them w'ith ehloi ine. For this purpose, 
woollen or mixed goods require .stronger cldorining than 
for ordinary colours, and it is recommended to test the 
completion of the process by asccrUining that the wool 
doe.s not destroy the colour of a solution of permanganate 
of potash.^ 

In consequence of the action of chlorine and hy[K)- 
chlorous acid, whivli attack wool even at ordinary 
temperatures and turn it yellow, it is quite imjxissible 
to use chlorine for the purpose of bleaching w'ool; but 
notwithstanding tliis it i.s much easier to bleach than 
either cotton or linen. It is, however, quite impossible 
to employ either the .same materials or the same elevated 
’ Dyeimj nnd Cniko Pi-iiitiny, liy (\ O’Nc'ill. F.C.S,, vol, ii. p. 46. 
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temperature which is used in tl»c two latter cases, and 
hence, wlionevcr a dead white is not required, tlie process 
of bleaching wool is only a prolonged and gentle treatment 
with soap and alkaline carbonates. 

Bleaching Wool. —When, however, a brilliant white' 
is required, such as is rendered necessary when the wool 
or goods are U) be dyed or pi'inted brilliai^t colours, 
advantage is taken of the action of sul[)hurous acid upon 
the fibre, which removes all colouring matter. This may 
be effected by hanging the moist yarn or pieces in a 
close chamber fille<l with sulphurous acid gas, either 
]>rqduced within the chamber by the burning of sulplnir, 
or admitt(xl from some outside source, or else by passing 
the goods over a series of rollers working within enclosed 
chambers filled with the gas. The goods always require 
washing after sulphuring, because during the pi'ocess a 
small quantity of suljdinric acid is formed within the 
fabi'ic which, if not removed, will idtimatcly act upon 
the fibres and thus tender them in course of time. No 
doubt the same cause which enables woo! to concentrate 
large quantities of chlorine oi‘ ammonia within the fibre 
increases the intensity of the action of the sulphurous 
acid. Excellent results in the bleaching of wool and 
cloth may also he obtained by employing a solution of 
sulphite of soda, acidified with hydrochloric acid as the 
bleaching liquid, ami when the necessary whiteness 
is obtained, washing well with w(i,tcr to remove any 
sulphuric acid which may be remaining within the fibre. 

Hydrogen Dioxide. — There is another bleaching 
agent whose action upon wool and hair is very effective, 
viz. hy<lrogen peroxide and its oxidising properties 

can be easily restrained so as to prevent any injTu'ious 
action even ni>on the most dolic'ate fabrics which could 
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HOC bo treated by the more drastic action of bleaching 
powder or sulphurous acid. On this account it is now 
largely used as a hair-wash or <lye, since it changes dark 
hair into any reijuired shade of yellow or straw colour. 

To prepare liydrogcn dioxide, {wwdered barium dioxide 
(BaO,,) is mixed with water and slowly poured into* water 
in a vessel up which carbonic acid gas is passing, when 
the following reaction occurs— 

The barium carbonate is then allowed to settle and the 
clear solution of decanted and bottled for use. 

Action of Acids on Wool— The action of all dilute 
and specially niincial acids, appears to be more specific 
than in the case of the vegetable fibres and wool treated 
with sulplmi'ic or hy<lrochloric acid and subsequently 
Washed, causing it to have an increased attraction for 
colouring matter. 

Sulphuric Acid. -When treated with warm dilute 
solutions of sulphuric acid, it not only shows an increased 
affinity for acid colours but less for basic colours. With 
cold atpieous or alcoholic solutions of sulphuric acid, 
with subsequent washing, the affinity for aci<l colours is 
diminished, from which it is concluded that the acid is 
fixed in the fibre in a dilleront manner than when 
treated with hot solutions. Acitlified wool shows a great 
increase in its affinity, for Alizarin colours. Other acids 
have a similar action to sulphuric acid, except th^t in 
the case of acetic acid, it must be added directly to the 
dye-bath in order to hinder the fixation of basic or 
increase the absorption of acid colours.^ Strong mineral 
acids completely destroy wool. 

* Gelnio anil Suida, Ikrl. Akatl. iV mensclin/Uif^ May 1905. 

U 
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Nitric Acid acts energetically upon wool, and unless 
the acid is weak and the temperature low the wool is 
stained a deep yellow, It was supposed this coloration 
was the result of the formation of picric acid, but it is more 
probable that it is caused by the production of xanthro- 
proteic acid similar to that obUuned by the reaction of 
nitric acid upon any proteid, and which turns a bright 
orange when ammonia is added. Nitric acid is largely 
used as a stripping agent for shoddy. 

Nitrous Acid diazotiscs wool in a siiniiar manner to an 
amido compound, and may be developed subsequently in 
an alkaline solution of a phenol into a variety of shades 
depending upon the speciKc reagent which is used ; and 
when dyed in connection with metallic salts as mordants 
these phenol colours arc fa.st to boiling water, fulling, 
acids, and light. Tin morda*** givu orange and yellow 
shades, iron dark l*u>vii8 and olive browns, aluminium 
orange ami chromium and copper garnet.^ 

The action of nitrons acid renders wool harsh and 
iion-liygroscopic and by its ^liazotisiiig action in<;reases 
its attraction for basic dyes and lessens it for acid dyes. 

Chromic Acid is absorbed by the libre and a com¬ 
pound formed with the fibre, and is largely used in the 
form of bichromates. 

Orgfanic Acids, such as oxalic, tartaric, acetic, etc., 
arc all absorbed, except in the case of tannic acid, which 
is very sparingly absorbed; but j^f used at the boiling 
temperature and afterwards treated with tartar emetic, 
C^H^Oj,K(SbO)-l--jH^O, its affinity towards basic dyes is 
greatly increased. 

The cotton fibre, from the inert nature of the cellulose 
of which it is composed, is not favourable to the action 

* Matthew’s Textilt Fibres^ Cbai)iiiau k Hall, Ltd., Loudou, 1907. 
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of j'eageuts upon it, and with the exception of certain 
vegetable substances, sucli as tannin, it is probable that 
no real union in a chemical sense Uikes place when the 
cotton is immersed in solutions of various salts; and it 
is not improUvblo that when any real reaction occurs it 
may be traced to the presence of certain unchangpd cell- 
contents of a more or less astringent nature, or the 
presence of some of the mineral, constituents of the 
fibre. With the wool filjro the case is altogether dittcront, 
and its action upon certjiin salts is remarkable. M. 
Chevroul made a number of experiments to determine 
the action of wool, silk, and cotton upon solutions of 
salts of various kinds, .so as to determine to what extent 
these salts were decomposed; On lliis point and the 
related matter, the author cannot do better than quote the 
digest of these experiments, which is contjiined in O’Neill’s 
work on Diidwj and Calico lYudmj. He says: — 
“The method consisted in taking a saline solution of 
known strength, immersing the fibres in phials of the 
solutions for a certain length of time, withdrawing them, 
and then hy analysis determining what change had taken 
place in the composition of the liquid, both (juantitatively 
and qualitatively. The fibres were then washed with 
water until the water used ceased to remove or dissolve 
any of tlie salt used, iind they wore analysed to ascertain 
whether any of the salt or part of the salt remained in 
a state insoluble in water, and lastly, the washed fibres 
were dyed in various dye-sUifl's and their appearances 
noted in comparison with tlio ap|>oarance ac(iuired by 
untreated fibres. 

“ The solutions experimented upon were tliose of common 
salt, bichloride of mercury, sulphuric acid, hydrochloric 
.acid, lime water, baryta water, alum, nitrate of baryta, 
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nitrate of lead, and yellow prussiute of potosh. In nearly 
every case there was found some disturbance in the 
composition of the liquid; either the fibre hatl left the 
solution stronger or weaker by the withdrawal of water or 
by the withdrawing of s<ill. With common salt all the 
fibres took up more water than the proportion present in 
the solution, leaving it stronger than before. In liichloride 
of mercury the reverse was the \’ase with both wool and 
silk, which took up a considerably greater quantity of the 
salt than the proportion dissolved and rct;iine<l it very 
stubbornly. Cotton did not disturb the j)roportions of salt 
and water, hut retaine<l some of the niercnry after loTig 
washings. With lime water and l)aryta water also more 
solid was removed than liquid. With alum, cotton absorbed 
water and rejected the .salt, Iciiving the solution stronger; 

wool and silk acted ^uiitrary nmnni^i, /iJworhing 

more salt than water, and leaving the solution weaker; but 
in each case, after washing witli water until the reagents 
showed no sulphates present, the dyeing experiments 
showed that alum or something else remained which 
enabled fibres to dye distinctly difi’erent colours from 
untreated fibres.” ‘ It would be extremely ilifficult, even 
if it were desirable, to give a satisfactory coiiden.sation of 
all the expei'imeiits, but it is perhaps not even desirable, 
because the application of the results or their I'elevauce to 
the phenomena of dyeing is not direct or clear. The salts 
experimented upon are rather utiusuql; they arc sehlom or 
never used alone in dyeing, and the condition of leaving 
them in the cold presents very little resemblance to the 
conditions under which they are applied in practice, 

Some years later M. BoUey took up the research upon 
nearly the same principles and by the same methods as 
* Mem. tie, IWwd. dex .Sc. vol. xxiv. p. 4'jy. 
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M. Chevreul, but with different salts. He experimented 
with cotton, silk, and wool upon dilute sulphuric acid, 
sulphate of indigo, yellow prussiate of potash, cream of 
tartar, neutral acetate of lead, and alum. 

He found that, except in the case of yellow prussiate of 
potash, where no action was observable, all the oth^r salts 
were more or less changed in comp(jsition, except in one or 
two cases where the action of cotton was negative or 
doubtful In the case of sulphuric acid, some of the acid 
had been attracted by wool and silk, but none In; cotton. 
Sulphate of indigo gave up indigo and a small quantity of 
acid; cream of tartar lost acidity, but no potash was 
absorbed ; while upon acetate of lead cotton had no action, 
but silk and wool took up oxide of lead. Alum gave up a 
sub-salt, leaving the sohition.morc acid than before. Along 
with these fibrous matters, Bolley asccrUiined that charcoal 
had almost the same action, a fact which confirmed him in 
his opposition to Chovreurs theory of chemical affinity 
having anything to do with these partial decompositions of 
chemical <',omponnd.s. The French chemists Thenard and 
Uoaid, long previous to Chevreul’s experiment.3, stated that 
when wool was put into contact witli a solution of alum it 
absorbed and, so to speak, fixed a portion of the alum 
without any decomposition of the salt. This alum cannot 
bo removed by any practicidde washing in cold water, but 
wlien treated with l)oiling water yields it up. It, 
however, requires tw(^ty successive washings to remove it 
entirely. When wool is boiled with a solution of alum, a 
portion of the substance of the wool is dissolved in the^ 
alum liquor; but it also appears that undecomposed alum 
is absorbed by the wool. With acetate of alumina these 
chemists say that wool absorbs the unchanged salt. If the 
wool is dried some acetic acid escapes, and if the dried 
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wool is boiled with water it yields up some acetate of 
alumina, but the alumina from that portion of the acetate 
which was decomposed remains firmly attached to the fibre. 
They also state that wool boiled with cream of tartar takes 
up tartaric acid, leaving in solution a neutral Urtarate of 
potash- What really takes jdacc when wool is boiled with 
a mixture of alum and tartar is only a matter of conjecture. 
It is supposed that there may be existing at the same time 
in the wool, abun, birtaratc of alumina and potash and 
free tarfaric acid.' 

I give these conclusions, extraordinary as they seem 
to a modern chemist, because in most of the details these 
authorities are confirme<l by Chevreiil and Holley. I’herc 
is no ground for rejecting them, but as the experiments 
wore made at a time when methods of chemical analysis 
were much less accurate than they are now, it will bo well 
to receive them with some j-oserve. Holley’s statement 
that alum taken up by wool conbiins more alumina than 
common alum .seems more credible than that unchanged 
alum should be assimilated. 

M. Paul Ilavrez, of Vorviers, in writing upon the 
subject of wool mordanted with alum, found that a w'cak 
alum liquor acted as if it were alkaline, while a strong alum 
liquor acted like an acid upon the wool when tested by 
dyeing. lie endeavoured to explain this double and 
opposite action by supposing the accidental constituents in 
the wool or the water, such as traces of soda left in the 
wool .after scouring, or limcdn water, or ammonia resulting 
•^froni the fibre itself, were influencing the results. M. Stas, 
the well-known Helgian chemist, suggested .that a simple 
explanation of the phenomena might be found in the 
dissociation or separation of the constituents of the alum. 

* Daims mr la Teinture, Sec. 4326, p. 143. 
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M. Havroz found that this was the true cause, and proved 
it by numerous experiments. lie found that if the quantity 
of alum be small compared with the wool, say 1 part to 
200, the alum undergoes dissociation, hydrate of alumina 
being deposited upon the fibre. The colours which such 
mordanted wool dyes up in various colouring matters are 
what are called of tho alkaline sort, that is, as if 3yed in 
an alkaline liquor. If, on the other hand, the proportion 
of alum is large when com[)ared to the wool, tho colours 
dye up of an acid character, or as if an acid had been 
present in the dyeing liquor. If the proportion of acid be 
small, and free acid added to it, the mordant deposited upon 
the wool is less in quantity, but still has tho basic' or 
alkaline character. Tho conclusions of a very lengthy 
memoir may bo stated as follows 

(1) Strong doses of mordants of aluminium, iron, 

chromium, tin or copper act upon wool by 
depositing an acid salt. 

(2) Weak doses of tho same mordants act upon wool by 

depositing upon it a metallic hydrate of an 
alkaline or basic character. 

(3) The wool is the cause of the dissociation of the alum, 

and its absorption into tho fibre with unequal 
amounts of acids and base. 

(4) Additions of acids or .acid salts, as bisulphate, 

biUrtrate, or binoxalato of potasb to the alum, 
are equivalent in the cluracter of the mordanting 
to the addition of iqoro alum. 

(.5) An increase in tho quantity of the water 'favours 
tho precipitation of the mordant .as hydrated 
oxide. 

(6) In judging of tho nature of the mordanting by the 
colours dyed upon the wool, it must be noted 
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that the colours taken by pure wool itself disguise 
the effect of the acid or alkaline hydrate to a 
certain extent.' 

More recently a paper has appeared in the Chemical 
Jourml, by Dr. Mills, F.liS., and Jokichi Takamine, of 
Tokio, Japan, on the absorption of weak reagents by 
cotton, silk, and wool. The object of these researches was 
to obtain a quantitative measurcpaent of such absorption, 
and then to ascertain whether the ab.sorption is amenable 
to the laws alreatly established in other fields of chemical 
investigation. The I'csearches were divided into two 
distinct parts, viz, (1), the rate ami amount of absoi-ption 
of individual reagents, and (2), the ratio of absorption of 
mixed reagents. The wool employed in the experiments 
W'as fine cashmere; the silk, a plain pure silk, free from 
Prussian blue; and the cotton, a pure calico--all in the 
piece. They were all washed previous to the experiment 
with weak sodic hydi-ate water, very weak hydric chloride, 
and hydric tartarate. The results show clearly that both 
wool and silk absorb these reag^nits, and that the greater 
part of the effect is completed, at the ordinary temperature, 
in a wreck’s time. Cotton absorbed much less than either 
silk or wool of the individual acid.s, and was not, therefore, 
treated for the mixtures. I’he reagents used to determine 
the second question were three mixtures of hydric sulphate 
and hydric chloride. The }>roportion of the hydric sulphate 
remaining the same, while the hydric chloride was in the 
proportion of 1, 2, and 4.„ The mtios of absorption 
appeared from the exj)erimonts in the case of .silk to be 
very similar in all the reagents, and wool and silk tend to 
resemble each other in the weight they absorb of sodic 

* Tt’chiuditfiiste, \ol, xxxil, p. 34r> ; Motiiteur vol. xiv. 

p. 59S ; O’Neill, Dydng mid C'ulico Vriidimj, vol. ii. p. 49. 
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hydrate, but wool takes up much more from acid solutions 
than is the case with silk. The quantities of hydric chloride 
and sodic hydrate were used in the proportion which HCl 
bears to NaHO, and when the wool was treated with weak 
solutions the absorption was nearly in the ratio of 2HC1 to 
3NaHO. The corresjjonding results for silk and* cotton 
are as 3HC1 to lONaHO in both cases. There is, therefore, 
a very imtimato relation between silk and cotton—a 
relation which, M'hatever it may be in prt, is shown by 
these changes to be to a great extent of a strictly thcmical 
nature.^ 

Although wool, cotton, and silk have ccrUin reactions 
in common with various reagents, they are easily dis¬ 
tinguished from each other chemically. 

Wool and silk are easily'distinguished from cotton or 
linen by drawing out a thread and setting it on fire. The 
animal fibres slirivel up and leave a shining, tumefied, 
difficultly combustible cinder, which hsaves a large quantity 
of ash when comjiletely hiirnt. The smoke lias a smell of 
burnt horn, and turns turmeric brown. The vegetalde 
fibres leave a cinder having the form of the thread, and 
otily a small quantity of asli, while they hum with a smoke 
which has an emjiyreumatic smell and reddens litmus. 

Wool and silk are also easily di.stingnished from cotton 
and linen hy the yellow colour which they assume when 
treated vidth nitric or picric acid, as the vegetable fibres are 
not coloured. « 

Wool and silk also dissolve* hy boiling with pota.«h or 
soda-ley of sp. gr. TO! to T05, whereas the vegetable 
fibres remain unchanged. When treated with cuprate of 
ammonium the revei’se is the case, as the cotton, linen, and 
silk dissolve, while the wool is insoluble. 

' Journ. Vhm. Soc., Ixwlon. March 1883, p. 14. 
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Wool and silk can be distingnished from each other by 
a solution of sodic plumbato, which can bo prepared by 
adding caustic soda to acetate of lead till the resulting 
precipitate redissolves. When wool or hair are treated 
vjith this solution they turn brown, in consequence ot the 
sulphur which they contain forming the dark plumbic 
sulphuret, while the silk, which is free from sulphur, 
remains unchanged. * 

Grothc' gives the following as the best methods of 
distingiushing wool and silk :— 

(1) Wool, cautiously heated to 130' C., gives off the 

, odour of carbonic disulphi<le and ammonia, 

assumes a golden-yellow colour, and curls up, 
while silk becomes coloured only at 140° to 
145° C., and docs not curl up. 

(2) When the fibres, moistcnc<l with potash ley, arc 

<lipped in a solution of cupric sulph.ate and then 
exposed to the air, the wool quickly turns brown 
in consequence of the formation of ciqu'ic sulphide, 
whereas the silk remains unchanged. 

(.3) On mixing the solution of wool in caustic ]X)tash 
with tartaric acid, and then with cupric sulphate, 
a large quantity of cnpric sulphide is forme<l, and 
the liquid when filtcrcal exhibits a dark l>rown- 
red colour. Silk, treated in the same way, yields 
a somewhat viscid solution, having a fine violet 
colour. 


Zf-Uxchr. A'nni. vol. iii. p. 153. 
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QUAI.ITIES AND VARIETIES OF WOOL AND 
THEIR DISTINCTIONS 

Tiik wool fil)re consists mccluuiiciilly of a huiidle of 
spindle-shaped cells, united together at their surfaces hy 
some animal siihsta'nce which permits of their free motion 
over each other when suhjectod to loTigitiidinal strain, and 
upon this dcpenils the elasticity of the fibre. This inner 
or cortical part is held together externally hy a sheath of 
more insiiissatod and ll.attened cells, of a horny nature, 
which constitute on the external part of the fibre a series 
of imbricated plates, which overlap each other in the 
direction of the free end of the fibre. The.se plates, which 
were originally more rounded and hollow cells, were formed 
by the flatteidng of the cells on the external surface as 
the fibre passed upwards within the generating follicle, and 
are capable of being acted upon and swelled out by the 
use of certain reagents. Upon the form and arrangement 
-of these plates, as well as the nature of their sprface, 
depend the suitability of the wool for use in textile 
manufactures and the degree of lustre which the fibres will 
exhibit, and upon the structure of the cortical cells and 
their reaction with various dye-.stuffs depend the softness, 
pliability, and power to retain any colour which may be 
299 
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imparted to it. Chemically the composition of ’wool 
exhibits a strong resemblance to that of hair, hoof, and 
other horny substances, which are generated in the same 
manner as an appendage of the epidermal tissues of 
animals, but differs from tliem in always having associated 
with it a considerably larger amount of structural fat, 
colloidal albuminoids, and water, and therefore forms a 
compound substance which is pebuliarly liable to decom¬ 
position and change when acted upon by weJik alkalis, and 
even ho^. water when above moderate temperatures. 

All the epidermal structures arc liable to variation and 
change under vaiying conditions, and especially those 
which are occasioned by alterations in food, soil, and 
climate; but, in addition to this, they are also subject to 
modification by causes which are at present obscure, and 
which may be exhibited in animals which are otherwise 
subject to the same conditions, and even in diflbrent parts 
of the same animal. When looking at the structure of the 
cotton fibre, it was seen ‘ t hat there were variations in the 
nature of the fibre, even in cases wlierc the fibres were 
taken from the same boll, and that these diifercnces seemed 
to depen<l upon the position of the fibre in the boll, and 
the varying amount of nourishment and light which was 
received. 

The same variation occurs in regard to the wool fibre, 
and the extent of these variations from the typical fibre 
may be considered as follows:— * 

rmiaiions fnm. fJm type stiwture are presented 

to tt.S' ? 

C. In fibres from the same animal and grown at the 
same time. 

* Bowimn, S/rudnre »/ the fMlon hihre, p. 110, MacniiJlaii & (Jo., 
Ltil., 1908. 
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I). In fibres from the same animal grown in different 
years. 

E. in fibres from the same animal grown under 
different climatic and other conditions. 

K In fibres from different breeds of slicep grown in 
different countries. 

C.—In looking at the variation in the nature of the 
wool fiiu’cs when taken ffom the same animal, we can best 
consider the question by observing the general variation 
which occurs in the distribution, .strength, and length of 
different fibres in the same ffeece. As in the case of 
all animals, the length and strength of the hair differs 
materially in ilifferent parts of the fiecce, the finest arid 
shortest wool lieing found us a rule in the region of the 
shoulders and neck, while the longest and strongest is 
situated on the hind quarters round the region of the tail. 
Hence, wlien the wool is to be used for textile purposes, it 
is quite necessary that the different parts of the fleece 
should he sejiarated from each otlier, in order that the 
vaiious ipuilities of hair may be used together, because it 
is (pute essential that in oixler to have uniformity in the 
quality of the yarn there must be something like a general 
uniformity in the raw material, .so far as the length and 
strength of the filire is concerned. 

In tlie first place it must be remembered that the 
character of the wool is to some extent cliariged over the 
whole surface of the^ sheep by the process of shearing, 
because it causes the lamb’s >wool to bo removed, and 
hence in the second growth the terminal character of the 
fibres is changed. 

This causes a distinction to be made in the wool of the 
first and subsequent clips. In the case of lamb’s-wool, or 
the first clipping from a one-year-old sheep, the character 
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of the staple is more or less pointed, and the same 
distinction is exhibited in the individual hairs. The hairs 
themselves are also more i>r less attached at the bottom 
end, so as to be less free in drawing out, and this wool is 
called hog-wool, from the name which is usually given to 
the one-year-old sheep, a hog or hogget. After the first 
clip the emls of the wool staides are more or less square, 
and the individual hairs which compose the lock arc the 
sjinie. This fleece is called a wether fleece, and the sheep 
after its first shearing is called a wether. 'I’hc topping of 
the fibres l)y the process of shearing causes them to grow 
stronger and firmer, and hence the character of the wether 
wool is usually courser and less pliable than the hog, as 
well as more wanting in the wavcil and curly structure 
which is so valuable a feature in first-class wool. The first 
clip, therefore, fi'om a sheep is tJie most valuable in a 
technical point of view, and can be applied to the 
production of a higher series of counts and a better quality 
of yai ri than the subsequent clii)pings. The sci)aration of 
the various qualities of wool in a fleece is accoinj>lishcd by 
the process of “sorting,” which consists in tearing oil' each 
quality separately with the hand. It is unnecessary to say 
that long practice is required to enable this to be done 
with precision and accuracy. 

It is well known that the quality of the mutton derived 
from the carcass of the sheep varies in different parts, and 
is more delicate and finer in the grain on the fore than the 
hind part of the animal, and on the shoulders than on the 
logs. In the same way the character of the fiesb seems to 
be transmitted to the wool which grows upon the different 
parts of the animal, since we find the finest and best- 
grown wool covering those parts which are finest and best 
flavoured when prepared as food. This general indication 



xir QUALIT/SS AND VARIETIES OR WOOl ' 303 ^ 

points to the fact that in all sheep the finest wool is found 
on the forepart of the animal, and it grows coarser and 
generally inferior as we descend downwards towards the 
under part of the belly and backwards towards the tail and 
Hanks. The habits and rcciuirements of the animal also 
tend to increase these distinctions, since the umlip’ parts 
and flanks of the sheep are subject to greater attrition and 
fouling than those highef up and more forward. 

Sorting. —We can best understand the diflerent 
qualities of wool which arc to be found in a single fleece if 
we refer to Fig. 50, which gives us a representation of a 
fleece of English wool, laid out flat upon the sorting board 
or ground, so that the various qualities of which it is 
composed can be clearly seen. The fleece itself roughly, 
represents the general features of the body of the sheej)— 
the ridge, or back which follows the course of the spine 
being in the centre, and dividing tiie fleece into equal 
halves from the head to the tail. 

The distinction in (juality between fibres from one part 
of the fleece and another is so great that a large number 
of different “sortings” can be made, and of course the 
number will depend upon the general, cliaracter of the 
fleece and the purposes to which the wool is afterwards 
to be applied. The range of qualities in any individual 
fleece varies according to whether the fleece is of a fine or 
coai-se breed of sheep. This variation in the quality of 
different breeds has l^ocn compared to “the keyboard of a 
piano, where each sheep has*its octave of (jualitics; but 
the octavo of the Merino is very high, while the octave of 
the Lincoln is very low.” In the same way tlio namfes 
which are given to different qualities of wool, even out ot 
the same fleece, are very various in diflerent localities, and 
even amongst diflerent firms in the same neighbourhood, 
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where special names are given to dilferent ciassiiication.s, 
and it is a pity that some general rnle isjxot adopted So as 
to avoid confusion. In tlie finer classes of wool the various 
qualities are often named after the highest coimts into 
which they will spin, and such division has the merit of 
having a definite ba.sis for classification. 

The <liagrain, Fig. 50, shows the position of the various 
qualities of wool on a Heecc of Lercester hog; hut the same 
relative positions liold good in all kinds of Heeces. The 
finest and most even grown wool is always found on the 
two shoulders about the positions marke<I AA. In some 
fleeces this (piality extends more into E and BE and F ' 
than in others, and the (piality of the wool at BB is nob 
very much inferior, although ratficr stronger and coarser. 
These two (jualitios would be called in tlie woollen trade 
picklock and prime or choice, while tlio wool found in the 
po.sition C is fretpiently finer in tli^ staple hut shorter than 
AA oi‘ BB, and apt to be more defaced by irregular or 
coloured bail’s. When free from tlicse defects it form.s a 
super (juality. The (pialities ll and J'j shade into those on 
each side of them, and as they form the apex of the neck 
and shoulders they are less deep-grown or close in the 
staple than A or 0. The quality F closely resembles BB, 
into which it sfiades, and for many purpo.sc.s, especially for 
spinning down, A, B, E, and Far(; fre(iuently used as one 
quality, la Bradford the wool from th(! .shoulders and 
neck is usually called “Iduc"’ or “fine” matching, accord¬ 
ing as the quality of the flieecc may )m 5. In an ordinary 
Leicester fleoce it would he “ blue ” matching, and would 
spin to 40’s. If, however, the Heeco was of a superior 
quality, such as a fine Kent selected for quality, it would 
make “fine” matching, and would spin to 42’s or even 
44’8. If the fleece was a strong Lincoln or Gloucester, it 
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would probably only be classed as “neat” matching, and 
would in that Ctasc spin no further than 36’s. Passing 
beyond F backwards on to the flanks of the slieej) the wool 
becomes, long and coarse, the best being found in the 
positions marked GG, and this would make what is called 
“brown” matching or drawing, which would not spin 



Fkj. 50 .—Fleeco of Leici'.ster Wool. Showing Uie position of 
tlio various (jiuilities of Wool. 

higher than 32’s, even in fine selected fleeces of Knglish 
wool, and in many not so IiigK At H and 11 the coarsest 
part of the fleece is readied, where the wool grows in large 
locks with long coarse hairs. The latter is called the 
“breech” or “britch,” and can only bo used for very 
coarse yarns and low numbers, not spinning higher than 
26'8, even when the fleece is comparatively fine in the 

X 
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other parts, yoinotimes it is also calic<l “say cast.” 
From tho extremities of 11 tliere is often taken a lower 
quality still, which is culled “Uil” or even “eow-tail,” 
from the resemblance which the luiir possesses to the 
strong tuft growing at the end of the cow’s tail, and of 
course this can only he used for the veiy lowest nurabere.' 
There are usually also a quantity of hard hmq)s, consisting 
of matted fibre and dirt, which have to bo cut olF with the 
shears by the soiter and are c,ailed “ toppings.” These are 
smaller in proportion as the flock is well tended and tho 
seasons fine. In the ordinary English Heecos all these 
qualities arc long enough to bo combed \ but just round 
the edges of tho llecce, in tho positions marked d.T and KK, 
and at tlie furthest ends of I) and CC nearest tho head, we 
have a very short-stapled wool, which grows in small tufts 
or staples called “shorts” or “brokes,” and which is used 
for carding. In quality they correspoml to the longer 
wools witli which they are associate*! in the different 
positions on the body. They arc usu.ally «iivided into 
three qualities, which correspond to the i»lue or fine 
matching, tlie neat matching, and the biitch. Tiie finest, 
which arc derived from the extremities of I), CO, and the 
position K, are often called “super” oi* “downrights.” 
Those which grow on the position JJ, especially the 
forward part, arc calio‘1 “middle” or “secomls”; and 
those from the extremities of JJ nearest bo 1 arc called 
“common” or “abb.” When the fleece is cross-bred, and 
even jn some cases where-it is not, there is always a 
tendency to tho production of “kemps” along the skirt, 
but specially at tho parts marked KK and the extremity 
nearest the head. Where the kemps occur in the combing 
wool is most frequently in the region of the tail, in the 
part markc*! II. 
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Tlie difference between the (qualities of wool, both in 
position and ([uantity, (lifters very much even in sheep of 
the same breed and feeding in the same field, as each sheep 
and fleece has its own “indivi(|ual ” characteristics, with its 
own special “oct^ive,” to refer to the former figure. When 
the author was engaged in the worsted trade, the fleeces 
from the same farmer were usually divided into thiee 
(qualities, “super,” “fin^,” and “common,” the names 
indiciiting the relative fineness of the average wool which 
they contiiined; and only those vvho have “caseef” or 
clas.sed large (juantities of wool know how wide this 
variation frequently is. 

Eankness.—In looking at the difterences which exist 
in the hairs grown on the various parts of the same sheep, 
we are struck with the fact that the hair follicles, and 
consequently the hairs, are most numerous on those parts 
where the wool is the finest in (piality, and there is on 
these parts the laigcst production of the suiiit or grease 
which is exuded from the glands foj‘ the nourishment and 
support of the hair. We saw, when looking at the human 
flair, that there were about an average of 600 to 700 hairs 
growing upon every 8([uare inch of the head, a quantity 
which dilTci's considerably in different individuals. On an 
ordinary English Leicester sheep the numbers are about as 
follow: 1500 to 1900 on the shoulder, and 800 to 1200 
on the flanks, so that they are nearly twice as rank in the 
one case as the obher^ In many cases, as in the human 
subject, there is more than owe hair contained within the 
■follicle, and as this varies with different individuals, the 
numbers of hairs will probably vary even more than these 
figures express in different sheep. The growth of double 
hairs also seems to be more numerous in some sheep than 
others, and also they arc more numerous where tlio fibres 
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are most rank—tJjat is to say, where the wool is the finest 
in quality. Although the author has not had the oppor¬ 
tunity of observing the rankness of the growth of wool 
on the finest qualities of sheep, such as the Moiino, still, 
from the seemingly universal I’ulc on the English sheep, 
no doubt the same pi’o[)ortions also pertain in the relative 
quantities of wool fibres growing upon the diflerent |xirt8 
of those tinc-woolled sheep. 

There are considerable dilleiences in the character of 
the \l^ool fibres on sheep which are of the same Mock, but 
the ditteronces existing in the structure of the fibres from 
dilfercnt parts of the same sheep are frequently greater 
than those on the corresponding parts of dillerent sheep. 
As we might natmally expect, whore the wool is the best 
in quality, as on the shoulders of the animal, we find all 
the best (juahties of the wool, such as evennc.ss of length, 
soundness of fibre, softness, and curl, reach their maximum, 
and as we depart from this regioii all these (qualities fall 
otf. Wherever the breed of the sheep is true and j)urc, we 
fiml all these characteristics more extensively over the 
fleece than in those cases where the breed is untrue or 
mixed ; and when we come to look ;it the microscopical 
character of the fibres on the dilTerent parts of the same 
sheep, we are struck with the fact that those peculiarities 
in the structure and arrangement of the scales and the 
general uniformity of tliameter of the fibres, which render 
the finest (jualities and varieties of y^ool the most valuable, 
are always found on the fibres grown in those regions of 
the fleece where the best qualities arc found. At first 
sight it might appear that this is simply the utterance of a 
truism, nmch the same as Staying that the best wool fibres 
always grow where the host w’ool is found ; but if we 
consider the matter, we shall sec that this is not the case. 
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because we know of no necessary connection existing 
between some of those qualities. Tims, although there 
always seems to bo some iclation between the number of 
epidermal scales per linear inch and the number of waves 
or curls in the fibre, we do not know of the same universal 
relation between these characteristics and the uniformity 
of diameter or the soundness and softness, since ^ve 
frequently find wool fibres in various classes of sheep 
which possess numerous scales and curves, and yet are both 
wanting in uniformity of length and soundness of 8*ta})le. 
Notwithstanding this, however, it fortunately liappens that 
whatever care is taken to cnltivatc the slieej) so as to 
improve its best qualities in one part has apjiarently a 
reflex action on the other parts, and aflecis them beneficially 
also; and the same care and attention bestowed on any 
one sheep so as to increase the length of the average sta])le 
increases also all the other qnalitic.s which are mo.st 
\ aluablc, and tends to diminish the production of abnormal 
fibres and increase the mi(!roscopic likeness of the fibres to 
each other. We can, perhaps, best understand tlii.s if we 
examine the fibres taken from two sheep of the same 
Lincoln breed, and notice! the dilTcicnce between the fibres 
from the shonldW and britch of each of them. 

Fig. 51 gives a fair representation of four fibres, two of 
them, A and B, taken from the best part of the fleece, and 
two of them, C and 1), from the britch. In the case of 
this sheep it has evidently been well bred and cultivated, 
and the fibres, although shelving great strength qf shaft 
as compared with fine Southdown or Merino w'ool, are 
fairly uniform and equally scaled on the epidermal surface. 
Although the diflercnce between the two classes of fibre 
is distinctly marked, yet there is, even in the case of the 
coarser hairs, C, D, a considerable likeness to the finer 
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ones, A, B. The grejitest difference seems to be that the 
britch hairs are larger in diameter, and the scales them¬ 
selves stand out more boldly, but there would be, however, 
no difficulty in at once identifying the whole of the fibres 
as of the same class. 

When fine laiicoln fibres are magnified to, say, 225 
diameters, the large lustrous imbricated scales are very 





!<’((}. 51 .—Fibre-s of Kim' l.iiicolii Wool, x 75 <li;iiiicti*vs. 

A aiKl n. FibrM t.-ikm from tlio C ami IK Fihrrs taken from tlie 
shoul'ler. bri^Hi. 

clearly seen, and the characteristic method of arrangement 
is shown in Fig. 52. 

If, however, we examine Fig. 53, wo see a marked differ¬ 
ence. These fibres have been taken from corresponding parts 
of another sheep of the same Iweed, but in this case the sheep 
has been poorly bred and only indifferently cared for. Even 
the fibres A and B, which are taken from the shoulder, are 
much more irregular in their epidermal scales and in the 
average diameter, and indeed they almost differ from each 
other as widely as the fibres from different parts of the 
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FiO. Fibres of Coarse Lincoln Wool, x 75 lUaineters. 

0 ami U. Fibres tjikeu fnun Ui«. 
Iiritcli. 


A atnl B. FiOrcs tjiken (roDi tlie 
slioiil<l<'r. 
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better bred sheep in the last figure. Neither the strength 
nor general good qualities will be present either. The 
two fibres C and D, taken from the britcli of this sheep, 
differ very widely even from A and B, much more widely 
indeed than the fibres taken from the same part of the last 
sheep do from those taken from its shoulder. It seems as 
if indeed these coarse fibres liad lost many of the character- 



fi-l.—Fil>res of Coar.s© Liucola Woo], x 2 kri (liaiiicU'i-H. 

istics of wool and were reverting to coarse hair, except for 
the serrated scales, and the difference between the fibres 
on different parts of this sheep is quite as great and 
distinct as we shall afterwards find to* exist between fibres 
taken even from different breeds of sheep. 

Fig. 54 shows four fibres taken from the britch of a 
coarse Lincoln sheep, and the arrangement of the scales can 
be compared with those of the fine fibres shown in Fig. 52, 
and also with the fibres taken from a coarse Cotswold 



xir QUALITIES AND VARIETIES OF WOOL , 313 

sheep shown in Fig. wlicre it will also bo noticed that 
a distinct medulla is visible in many of them. 

From this it seems certain that purity of breed and 
general good management in the cultivation and pasturage 
as well as the feeding of .sheep tends to produce uniformity 
of characteristics in the fibres of the wool grown on all 
parts of the body. While, however, the fibres diflcr in 



Fio. 55. - Filires of Ootswolil Wi*ol. x 225 diametir.';. 
Showing mctiiillfi witli omlochrome. 


length an<l diameter and the num])c;' of serrations or 
epidermal scales per linear inch, on dillercnt parts of the 
body of the same sheep, it .,is also wonderful what a 
variation there is even in contiguous fibres, especially in 
regard to the diameter. 

Diameter of Fibres.— Uemarking on this iwint, 
Mr. N. Burgess* says:—“Tho size of the fibre is very 

^ Journfd Qucckdl Microscop. (Jluh, vol. i. p. 30. 
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irregular, scarcely any two from the same staple being 
found alike, and cacli varying in its own length. In a 
fibre of Southdown wool, a comparatively uniform species, 

I have found the size to vary, in of an inch, as much 
as one-fifth of the whole diameter. 'J'he finest Saxon wool^ 
I have ever seen gave a remarkable result on being 
measured. Five hairs in one staple were selected. The 
finest gave the extremely small*diameter of -,j of an 
inch, while another fibre lying by its side measured 
i tVo mean of the fine fibre gave 

of an inch. Another s<‘unplc of Saxony wool gave 
of an incli. 

“Amongst Saxon wools shown in the grease two of the 
fibres were measured, and one gave of an inch, while 
the other was of an inch. Frobably this sample 

could not be exceeded for beauty or symmetry. It was 
taken from one of Steizer’s celebrated ewes. 

“The Southdown sample shown gives for one fibre 
of an inch, and another ^ <1 of an inch. The Lincoln wool 
gives for one part of the fibre -^y\^ of an inch, and another 
of an inch. The coarsest fibre gives ^ of an inch. 

The fibre of the Northumberland wool measured in 
its thinnest part gave ^ of an inch, aifd in its thickest, 
part of an inch. These examples will suffice for 
showing the relative degrees of size and the variations 
which occur in the same fibre.” 

The author found even greater variations than these, 
although ho also noticed that this tendency to variation in . 
the diameter of inilividual fibres, as Avell as parts of the 
same fibre, differs in different sheep. This may be shown 
by a number of examples which ho measured and tabulated' 
below, and which represent the vanation in diameter in * 
different parts of the same fibre:— 
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VAKIATION IN DIFFERENT FIBRES FROM THE SAME 
PART OF THE SAME SHEEP 


Kiliil of Woiil. 
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nil Ini’ll. 

Ililf-THIK’D. j 

Liiioolii Hows, No. \ 

*00210 

. 

•00102 

•00018 

.1 • 

• 'OOIHO 

•001:15 

•00045 

.. „ y • 

•001 GO 

■00113 

•00023 

Avenvwo 

•00185 

•00157 

■O0028 

Imli ilowH, No. 1 . 

•0012.5 

•ooioo 

•1)002.5 


•0018G 

•00];«) 

•0005;{ 

M „ y • 

•00174 

•00121 

•00050 

_ 

Avoiagfi 

•OOIGI 

•00118 

■0004:1 

SouthJown, No. 1 

•00111 

•0007:l 

■000.38 

„ 2 

•00]-25 

•00002 

•000;!3 

,,3 

•00100 

•00041 

•000.5!) 

Average 

•00112 

■oooos 

•00011 

Australian Merino, No. 1 

_ 

•OOOo.'l - 

•00014 

•000:!y 

,, „ ,, 2 

•00047 

•00011 

•0003G 

„ M 3 

•00041 

•00011 

•00030 

Average » 

•00017 

•00012 

■00035 



- 



In each of these cases the whole of the samples seemed 
to be fair examples of the dilfcrent kinds of wool, and they 
wore not deformed by defects which could he traced to had 
breeding. They must not, however, be taken as repre¬ 
senting the average differences existing in the same' locks 
of their respective wools, hut only as instances to show 
something like the variations occurring, because the author 
found many specimens which differ much more than these 
do, although taken at random from locks which happened 
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to bo in his possession at tho time when measuring. If 
wo come to coarse and ])ad-brc(l wool, such as some of tho 
Uussian or Central Asian wool, or even some of our own 
nioimUiii sheep, wc find a range of variation which is 
almost incredible. In Professor M‘Murtrio’s report in 
1886 to the United States (Jovernment Departmerit of 
Agriculture, a very large scries of experiments in reference 
to this peculiarity are given, ail'd these must have been 
tho result of enormous labour. They are of little practical 
importjincc, however, except in regard to the g<‘neral 
results which indicate that, hy attention to hrecd and 
careful cultivation, the maximum of evenness is always 
attained and .so the suitability of the wool for spinning 
purposes increased. Of course it is not jK>ssiblc on a large 
scale, in the ordinary processes of manufacture, to take 
into account the variations in every hair and fibre of the 
fieece ; but the pr<'va.lcnco or otherwise of considerable 
variations must always be considered, and as there is a 
great difference in this respect in diflferent classes of wool, 
it may not be unintorosliiig to give a series of experiments 
which tlie author made at the time when lie was practically 
engaged at the “sorting board,” and which were under¬ 
taken witli the view of determining tlic fclative quantities 
of the various classes of wool which were to he obtained 
out of difTercnt kinds of fiecccs. 

Analyses of Fleeces. —These analyses were made not 
with single fleeces, but with a considerable number, since 
240 lbs., or one pack of wool, was taken for each experi¬ 
mental sorting, and these tables are the average of a 
number of such trials of each kind of wool:— 
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ANALVHIS OK LINCOLN ilOGS 




1st 

2 ncl 

3|>I 

Onulilii’K. 


Kx|ioriiueiil. 

Experiiiiont. 



Wei;;lil ill llw. 

Wi'^lit in lli-s. 

Wi!i>ihl ill Ihs. 


Kiiic Matching 

v,-sr> 

1701 

13-21 

ComOiiif' 

Hlue ,, 

Neat ,, 

KiO-OO 

140-00 

154-14 • 

* 40-00 

52-00 

38-21 


1 st lii’okes 

3 -21 

4 -22 

8-05 

CHidinp; 

‘ 2 nd ,, 

r,'58 

9-04 

7-42 


:hd ,, 

10 (! 

2-75 

3-00 

Li'ikli or 

Say Cfist 

9-63 

11-61 

875 

Cow-tail 


170 

I -00 

2-31 

Cots 


•50 

•08 

1-00 

(Iroy . 


•01 

•12 


Tohpiii^'s 


1 -33 

2-14 

1-24 

Doail Waste . 

1-05 


2-07 



240-00 

210-00 

240-00 

Oualitim. 

4Ui 

Ex]h'riiiii-nt. 
Wuiglit ill llxs. 

51 li 

KxiMTiiiiotil. 

W.'j-litiiilhs. 

_ 

Avdiajm 
WciiihL ill lbs. 


Fine Matching 

• 22 -3 (j 

19-41 

17-57 

Coinbiii" 

' 

Dine „ 

H403 

150-00 

149-03 


Neat ,, 

50'ir 

46-53 

45-37 


Ist Brokes . 

5 '00 

7-31 

6-80 

Carding 

• 2 iid ,, 

3rd ,, 


8-14 

7-31 

4-21 

2-34 

2-67 

Britcli nr 

Say Case 

5-55 

4 -36 

7-99 

Cow-tail 

•03 

1-50 

1-31 

Cota 




-31 

Grey 




•03 

Toi)|)inc 8 


2-01 

•55 

1-45 

Dead Waste . 



116 



240-26 

240-14 

240-00 

. _ 


This table of the sorting of live packs of Lincoln hogs 
will serve to show the nature of the variation in the 
different qualities out of five different parcels of this wool, 
and the aveiuge at the end of the table shows something 
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like wluit we may expect to obtain as an avemgc out of 
any lot of the same class of wool. The loss which is called 
dead waste consisted of small sweepings and dust whicli it 
was impossible to gather u[), and, as will be seen, in some 
cases there was a gain instead of loss, probably arising 
from a slight ovei'-weighing in all tlie vajious (jualities, or 
some one of them, as the wool was weighcil on ordinary 
warehouse beam scales. 

Xo endeavour was made in any of these lots of wool to 
allow fur the moisture which might be present over a 
normal (jiiantity. The wool was undried and exactly in 
the condilion in which it was taken out of the slieets as 
I'cceivcd from the wool-stapler. 'I’lie experiments may, 
therefore, he taken to represent the various <|Uuntitios of 
the dilferent (jualitios, under the ordinary eornlilions which 
exist in the wool warehouse. It is (juite possible that a 
part of tlie dead waste registered in some of the experi¬ 
ments may have resulted from the drying in of the wool 
conse<jncnt on the opening and sorting of the (lecoe. 

The following analysis of Leicester Ijogs may be 
compared with the Lincoln hogs just given, and we shall 
then see the diflcrenco in somewhat similar cla.sscs of 
wool:— 
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It will be noticed that in the Leicester hogs the 
proportion of fine matching is larger than in tlie Lincoln 
hogs, but that the blue matching is proportionately less, 
and there is an entire absence of grey wool, 
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ANALYSIS 01 '' NOin’IlUMHKRLANl) HOGS 



Isl 

2iid ' 

Kx|((Tiiiioiil. 

A vnrane. 

MaU-hiiig 

as-:'. 

20-7 

27'0 

Coiiibiiij'- 1)1110 ,, 

" 1 Neat ,, 

Ktr.-a 

1 I0-4 

127-8 

42-i> 

42-8 

, 42-4 

fist Brokus 
Cardiiij' 2iul ,, 

11 

4-2 

2-8 

4-0 

2-9 

|yi<i 

3‘2 

Wl 

4 !) 

Bi iO'li in- Say ( 'asl 

,'■.•4 

4-2 

1 -8 


.‘M 

1 -0 

2-1 

Got.s ... 




<5ivy .... 




Tnii})iiigs 

Waste .... 

11 

•1 

■f) 

; 

210-0 

240-0 

240 0 


1 ho ex|tcrinietits with Llio NorthiinihofluiKl hogs wero 
only mado out of two parcels of tliis wool, and the average 
is not therefore so reliable as where five experiments were 
made, but they will serve to show the general character of 
the wool. In these two instances the wool was rather 
coarser than usual at the Ijritch, and hence the large 
proportion of cow-tail. 
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ANALYvSIS OF IRISH HOOS 


- 

Qiiulitii‘8, 

1st 

Exiiurimcnt. 

■Jnii 

Kviieriiiietil. 

anl 

KxpciimeiiL 


Fine Matching 

32-41 

40-30 

20-75 

Combirj" 

Blue 

142-31 

150-50 

119-10 


Neat ,, 

42-50 

30-10 

40-00 

' 

1st Hroke.s - 

, •1-23 

5-31 

0-25 • 

Carding 

2ii<i „ 

0-50 

511 

.5-10 


3rd „ 

3-IK) 

4'28 

2-31 

hritcli or 
Cow-tail 

Say Cast 

.v70 

1-40 

.3-11 
] -(>0 

Cots 


■50 


... 

Grey 

Toppings 


1-311 


! 

Waste . 


•t)0 


... 



210-00 

240-1)0 

■.MO-55 

Oiiuliti>'8. 

oh 

ICKiK'riinciil. 

J-AlK^iiiinait. 



Fine Matching 

40-40 

30-90 

31 -15 

Combing 

Blue 

110-10 

110-05 

114-53 


Neat 

3S-|() 

15-31 

40-40 


1st Brokes 

4-90 

3-01 

1-H7 

Carding 

211(1 ,, 

(i-30 

5-40 

5-70 


3r.l 

3'21 

4-00 

3-51 

Britoh or 

Say Cast 

.VIO 

4-15 

4-49 

Cow-tail 

1-00 

•50 

-00 

Cot-s 

Grey . 
Toppings 


1-30 

1-40 

1-24 

•50 



1"20 

Waste . 




_ 



240-n 


240-20 

All tlieso Irish hoi's were of a 

very i^ood 

quality, anc 


were free, clean wool; the only exception was in the Hfth 


lot, when there were two Hececs which contained a much 
larger proportion of cots than was found in the other lots, 
and which brought up the average considerably. 


V 
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Ouaiitii's, 1 

Isl 

lOxiivriiimiiL 

L'nil 

Avovanu. 

tFintiAl.Tli'liiiJfjj 

■u -r.i 

.■30-13 

;!2-32 

Combing- Hluo j 

]20'10 

125-41 

122-OJ 

(Neat ,, 1 

6(3 :}i 

67-50 

66-00 

ilstlbokcs 

(i-io 

5-32 

.5'66 

Carding \ 2ii(l 

1-SO ‘ 

5-1.5 

4-72 

|3r<l „ 

r.-ir, 

3-30 

1-47 

Ib'iteli or Say Cast 

Cow-uiil . . . , 

Cot.s 

2-10 

2-61' 

2-10 

Ciioy . 

Topping^ 




\Vaste .... 

\s;3 


•12 


210 (HI 

210-00 

210-00 


Wiicri coiu[iiir<Hl with the Irish hogs it will he noticed 
tluit tliesc wethers, which were from tlie same |)arccl, yield 
very similar results in the fine iniitching, hut they have a 
larger proportion of neat and less blue matching. Jake 
the hogs, they were of good cjuality, and free, clean wool. 
They were classed l*y the author as Lisli Leiccsters, run 
in Itoscummon, and may he comj)ared with the next 
analysis of Leicester hogs. 
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ANALYSIS OF JIALF-HRKD LEICESTER HOGS 


Qualities. 

i«l 

Kv[i«iniiic‘iil. 

. 

•2ml 

K.'.pci'iiiiaiiL 

b.viieniiioiit. 

( FiiiiiMatrliiiij,' 

Cdtiibinp: Line 
[Neal, 

17-01 

lOO-nO 

2(1-40 

120-00 

lG-71 

105 -32 

ill 10 

(IS-III 

87-11 

1 1st 


f. -20 

1-32 

Cuffliii-; • Ljijil 

11-01 

7-11 

8-21 

\‘M .. 

0-7;', 

3 -()') 

8-03 

Brildi or Say Casi 

0-7'. 

S-30 

7-.5G* 

Cow-tail 

2-00 

3-11 

1 -20 

Cots .... 

•OS 

1-00 


(Iroy . . . . 

1-12 

1-31 


Toiiiiiiios 

2-1 1 

1-40 

I -00 

Waste .... 

•70 

•13 

-51 


240-00 

210-00 . 

210-00 


41li 

Kx|)iTiiii<')iL. 

•lUi 


[ Fine Mali’liin^ 
Coniljiiigl IMiio ,, 

21 '.^.0 
ll-rl2 

_ 

10-35 

I13-!l| 

19-50 

110-00 

(Nvat „ 

71-71 

80-10 

70 75 

j 1st llroki’s 

Cai tliii^f ] 2ii«l .. 

5-20 

8-St 

G-lO 

7-31 

5 -02 

7-00 

1 Sill ,, 

4-00 

2-80 

1 25 

Hrituh or Say Cast 

GoO 

r.-3o 

7-50 i 

Cow-tai! 

2-00 

1 '!I0 

2-01 

Cots .... 

•7.0 


•31 

Grey .... 

•80 

' 

•G1 

Topping's 

2-00 

2-30 

1-77 

Waste .... 

-30 

•GO 

•24 


210-00 

210-00 ! 

240 00 


In these Imlf-brcd liogs it will ho noticed that the 
average of the fine matcliing is less than any of the otlici- 
fidl-bred wools except tlie Lincoln, while the blue matching 
is less than in any of the other examples. All these wools 
were specially sorted for the manufacture of 30’s super, for 







324 ♦ 


fVOOL FIBRE 


CHAP. 


export. Out of the fine matching in the hogs 40 s super 
were spun. The author never had the opportunity of 
sorting many of the fiiie English or foreign wools, and 
therefore cannot give any analyses of these; Imt from an- 
examination of such wools at the Indian and Colonial Ex¬ 
hibition and other places on a large scale, he is of opinion 
that they will run somewhat similar in quantities of the 
various kinds, bearing in mind always that the classifica¬ 
tion will be much finer all through, ami in all probability 
the very coarsest classes and the grey, cots, and toppings 
omitted almost entirely. 

The classification of the sorting will vary with each 
individual firm, and it wouhl be difficult to find even two 
sorters who could agree as to the exjict line at which the 
division of the Hecce should take place. jVs a clicck against 
the author’s analyses ho gives below a table taken from 
the Supplement to Urc^ l>idionary^ p. 08.3, in which a 
series of sortings are given from vario\is classes (d English 
wool, and these are given in perccntagc.s, or lbs. per 
100 lbs. of each sort. As they include some of the finer 
varieties, such as Kent and Norfolk wools, and wethers as 
well as hogs, they arc additionally valuable :— 
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ANALYSIS OF ENGLISH WOOLS 



a- 

ti 

,, Sl*! a 2*1 0 « 

m 

T3 y' 


i- 

0 ■; 

XHIIM*. 

Fin 

Drawi 

a 1 

s'5 1 0 s §0 
’'’0 "S 'Sl 

a 

©.* 

Is 

H-3 

.£s 

Lincoln 

0 


50 ' 15 ! 7 

1 

1 

1 


Yorkshire ,, 

r, 

:50 

28 1 15 7 

2 

1 

1 


Lfiicester ,, 

s 


20 1 15 5 

2 

s 

2 


Nortlminlu'i'laml 

it 

2f. 

20 ! 15 7 

2 

s 

1 

1 

Nottingliam ,, 

7 

24 

sr. ' 20 ; 

2 

2 

1 


Norfolk 

:.i0 

or, 

10 ' 10 . 7 

2 


1 

.1'. 

- 

Liiicolii Wetlicr.s 

() 

12 

50 2 :. ; • 7 


0 

1 

1 ' 

Yorkshire ,, 

0 

‘Mi 

-10 12 ■ 0 

2 

•) 

1 

1 

Warwick 

4 

SI 

40 12 5 

2 


2 

1 

Sonicrs(^t ,, 

■i 

:ir> 

29 18 (1 

2 

2 

2 

] ^ 

Kent 

;'(] 

20 

10 • 7 4 

i 


i 

i 1 


These examples, however, will serve to show soniethinj' 
like the proportionate weight of the range of (lualities 
which are to he found in tlie deep-grown wools. The 
various exj)criniciits in each table show tlie variation in 
dilferent lots of wool taken out of dillerent parcels in the 
same year. 

'Diseased Wool,— It is impossible to pass from the 
consideration or .he character of the fibres on the same 
sheep in the same year, without pointing out bow very 
greatly this character is influenced by the health of the 
sheep. In sorting any parcel of wool the sorter often 
comes across some special fleece, the very handle of which 
is different from the others—the fdire seems leaner and 
softer, and often seems to have lost both its elasticity and 
tenacity. When the strength of the staple is tried the 
.locks are . readily broken, as if the staple was rotten. 
When examined under the microscope, the fibres are seen 
to be generally finer or smaller in diameter than the usual 
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run of the fibres in the same lot of wool, and often this 
fineness only extends to a part of the fibre, as if the sheep 
had been temporarily indisposed, and during that time the 
vitality of tlie animal Avas so much lowered that the usual 
growtfi of the wool fibres could not be maintained—the 
wool sharing in the Aveakness of the animal. Fig. -50 i.s an 
illustration of a number of such fibres, and here aa^c sec tlie 



Kid. Kiltn-.s of Wool, x SO (li;inii.-tfis. 

A. At(i'tm.'if''il lil.tv. CaiKin. Kilurs uilli ull.'iiiiitr 

n. vvilli <litiiiiiiHlii-<l iMDiilii-r ;itt^'iiiiiiUi>ti ;Lti<l 

<>r r|.i<ii rtiial snili's. i liMlcniKti si-;ili‘s. 


nature of the variations. Sometimes the Avholo texture of 
the fibre becomes finer, and, while the same projiortioii of 
loricatioiis is maintaine<l, the diameter of the fibre is much 
diminished, as in fibre A ; Avhilo in other cases the number 
of scales in the same length .seems to be diminished also, 
and the scales are less prominent and finer in texture, 
although fewer epidermal colls Avere grown in the same 
time, as seen in fibre R Sometimes these variations occur 
at frequent intervals, as though the animal experienced 
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alternate periods of health and sickness, as in fibres 
C and 1). It will also be noticed tliat in many cases the 
scales are imperfectly formed, arnl many perforated so as to 
show the darker cortical layer beneath. But in all these 
cases a permanent weakness is introduced into the structure 
of tiic fibre which is very deleterious to its use in yarn, as 
being entirely wanting in evenness of strength and texture. 
These variations in individual fleeces always occur most 
frofpiently in bad seasons, when food is scarce and the 
surroundings unfavourable. , 

I>. Annual Vawation.—Oreat as are the jlifTerences iu 
fibre.s of wool growing upon the same sheep in the same 
year, there arc also great didercnccs in the wool of the same 
sheep in <liHerent years, bccau.soThc wool and its cliaracter 
(le[iend very largely not only on the licaltli of the shoe[» but 
also upon climatic and other influences. The mildness or 
severity of the season and the plenty or scarcity of food 
v<;ry largidy alTect the character of the wool. In very 
severe seasons there is a temlency to a thickening of the 
fibres, with greater irregularity in the length of the general 
.staple, and a greater rankness of tlie (h'ece, witli under¬ 
growth of short fibres, and a greater irregularity in the 
diameters of tl 3 individual fibres and the different parts 
of the same lil)ro. The general chairctcr of the wool is 
also afleoted, because from constant wetting and drying in 
the bad seasons the wool becomes tender ami rotten, and 
loses its brilliancy and lustre. Tliis may also arise from 
the fact that a pa.-t of the suint or yoke is soluble in 
water, and in very wet seasons much of this is tKssolvcd 
out. When examined under the microscope, the individual 
fibres are found to be injured in their structure by the 
want of proper nouiislimcnt and tlic ilcficicncy in the 
natural suint or grease, a large part of which is soluble in 
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water, and when removed leaves the fibres dry and hash. 
Of course, amongst well-tended flocks those variations are 
reduced to a minimum, because they are supplied with 
suitable shelters from the storms, and fed artificially when 
there is a scarcity of pasture; but amongst those sheep 
which occupy less favoured positions, and are more 
dependent upon the character of the seasons for everything 
which they require, there is a much larger variation than 
would really bo suspected without actual observation. 
Thosq who have cased or classified considerable quantities 
of the highland and mountain wools know how much lower 
is the general classification of the fleeces in stormy than 
mild seasons. There is a marked variation in the structure 
of the scales on the surfStco of the wool fibres from the 
same sheep in difi'erent years. Whatever tends to improve 
the general hesilth and condition of the sheep increases the 
number of the serrations and ciiuses them to be more 
regular. 

These last observations relate to the variation which 
arises in the character of the wool where the sheep remains 
really stationary, and the greatest variation which- occurs 
in its surrounding conditions arises from the diflerence in 
the meteorological changes taking pjace *at its area of 
residence; but there are also very important variations 
which are introduced into the character of the wool when 
the same sheep is removed from one district to another. 
These changes may bo considered under our next division. 

E. Change by Enrironment.— These variations are 
the result of an entire change in the surroundings or 
environment of the sheep both in regard to climate and 
food. In some instances this variation may be only slight, 
because the conditions only vary in a small degree; but as 
a rule, if there is very great difference in the character of 
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the two districts, there will be equal results produced in 
the character of the wool. When a mountain sheep is 
brought down into the valleys it soon begins to change the 
character of its hecce. The long coarse hair which is 
mixed with coarser ])arts of the fleece of wool diminishes 
in number, and the general character of the wool becomes 
finer: even the general appearance of the sheep changes, 
since it reiiiiircs less exertion in the procuring of its food, 
and therefore accumulates more flesh and of a finer 
quality. 

This change in *1116 character of the wool and even 
of the sheep themselves, by simple removal from one 
district to another, was very distinctly marked in the 
early history of sheep-farming iit New South Wales. As 
the colony had no native sheep, a flock was introduced 
from Bengal, which was the nearest place where they were 
found, and which had regular communication with the 
colony. The sheep first imported, however, were of a 
very poor class: they are described as having “large 
heails, with Koman noses and sloucli ears. They were 
extremely narrow in the chest, with plain and narrow 
shoulders; high curved backs; tremendously long legs, 
and covered with a coarse hairy lleccc,”' This was an 
accumulation of bad qualities which seemed to augur ill 
for the future of the sheep in Australia, since they were 
almost more like goats than sheep. The change, how¬ 
ever, in the surroiindings and food of the sheep worked 
wonders, and the alteration which was produced seemed to 
be an exception to tlie generally recognised fundiimental 
principles of the paramount influence of blood and breed, 
and showed how largely even these two imiKirtant con¬ 
siderations might be modilied by the far more subsidiary 
• Wkimvsoii’s Van Uml, 9 . 142. 
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ones of soil and climate. In two or three years the 
sheep were scarcely rocognisahle: even the general form 
of the sheej) was improved, and the hairy covering was 
replaced by a comparatively line woolly Heece. The 
individual fibres of which the Heece is composed improve 
in the same w'ay as the general character of the Heece. 
The uniformity in the length and diameter, and the 
siikiness and general tendency to curl becomes greater, 
while the .scales on the surface become more numerous. 
The ^serrution.s also become more distinct, and thus the 
wool is rendered better adapted for textile purposes. 

When the Merino was introduced, the tlnrd or fourth 
cross with these earlier slieep produced an animal whose 
fleece was equal to that of the pure Merino in Kurope, ami 
indeed the wool of the pure bi-eed seemed to improve as 
much as that of the i>rimitive sheej) had done. 

We have already mentioned the remarkable case of 
the Angora goats which, when removed from their native 
district in Asia Minor, whore they yiehl the long lustrous 
Mohair, to other climates, immediately alter the chai-actcr 
of the Heece, .so much so that for a considcrahlc Icmgth of 
time it was thought that they could not he cultivated 
elsewhere ; but recent expciienec has sl;own that when 
tliese creatures ai'e introduced into favourable situations, 
such as Cape Colony and the United States, and crossed 
with native goats, they not only yield an equal (jnality of 
fibre, T>ut are actually much inqu’ovcd hy the care and 
attention of scientific fanning as conspared with oiiental 
neglect* In the same way, when other sheep are intro¬ 
duced into the Angora district the fibre of the fleece in¬ 
creases in length and lustre : indeed tl»e district conditions 
seem peculiarly favourable to the growth of long silky 
hair, for it even extends to the cats, rabljits, and rats of 
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the district, ami when removed these also tend to 
deteriorate. 

This alteration of the ehaiucter of the wool with 
change of conditions is even more strikingly illustrated 
in its deterioration wlieii shee{) yieliling good and line 
wool are neglected or permitted to run wild. Tlic general 
(jiiality of the fleece deteriorates at once, tlic tendency to 
produce hair and coarae wool increases, ami the general 
symmetry of the sliccp becomes lost and reverts buck to 
the ungainly form of its primitive ancestors. 

The same causes which iidect the character of tlie wool 
in the same sheep when removed to other conditions are 
also at work in varying the character of the wools on tlic 
various sheep which arc fouiTd scattered over diHcrent 
parts of the earth’s surface; and in addition to these we 
have the variety of race whicli lias probably resulted from 
the continuous operation of these external forces. These 
peculiarities will bo best considered under our next 
division, viz.:— 

T. Variation by Climate—The variation in fibres 
fi'om different sliccj) and grown in different countries. 

As we have already soon, the wool libi-c is liable to 
great variaticr»‘and modification in structure, until on the 
one hand it passes into true iiair, and on the other into 
such unlike structures as the feathers of birds. It is 
indeed very difficult to find any classification of the sheep 
which in all its varieties can lie based upon any general 
likeness in tlie stricture of the wool liin’c, in the siime way 
that fishes have been classified according to the nature of 
their scales. Wo may, however, generally con.sider them 
as range<l into three classes. 

(1) Those sheep the fibres of whose wool most nearly 
approach to a true hair, where we have the nature of the 
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epidermal covering scales most horny and attached most 
firmly to the cortical structure. This class includes all the 
lustrous varieties of wool, besides Alpaca and Mohaii’. 

(2) Those where, although the epidermal scales are 
more numerous than in the first class, they arc le.ss horny 
in structure and less adherent to the cortical substance of 
the libre—that is to say, in proportion to their length. 
This class includes most of the middle woollcd sheep and 
half-hreds. 

(3) Those where the characteristics of a true wool ai-e 
most highly developed—where we have greatest suppleness 
of libre, fineness of texture, and where the cpitlernial scales 
are vattaclicd to the cortical substance through the .smallest 
part of their length. This class includes the wools of all 
the finest cla.sscs of sheep, such as the Merino and crosses 
with it. 

Of course, as we shall shortly see, it is <putc impossible 
to draw any distinct line of demarcation between thc.se 
various classes, as they insensibly shade into each other, 
and wc can only see, the real ditl'erences when we come to 
examine the fibres ivhich stand furthest aptirt in the 
diflferent classes. I am, liowcvcr, of opinion that along 
with the mechanical dillerences thcie is a'so a chemical 
difference indicated in these variations, and one which we 
shall afterwards see influences the relation of colouring 
matters to them. 

Alpaca.—(1) Amongst the fibres most nearly allied to 
a true hair we must clas.s Alpaca, and iirJeed, strange as it 
may appear to some, Mohair is far more allied to wool than 
this fibre, although we call it a hair. The fibres obtained 
from the allied animals, the Llama and Vicugna, are 
more like wool, and are less cultivated than the Alpaca 
{Au/:yni(( pitco). Vhen examined under the microscope 
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many of the lilires of Aljjacii indicate not only an 
external but an internal likeness to true liair.s also, for 
there is in a large number of the fibres, especially the 
coloured ones, a distinct central portion conjposed of 
large nucleated cells with considerable (piantities of 
coloured pigment. When the external surface of the 
fibre is examinc<l, like an ordinary hair the scales are 
scarcely visible, and mfly reveal themselves by the trans- 



FCJ. 67 .—Kibics yl'A[]>;«'a. x <li;iinutfi'.'. 

A. ril»rsi)f'Ari.iiU'|'KAl|i;ini. It. Filuvsofi■|i;i!;i Alimca. 

C. Ali'iu'd. 

verse and anastomosing linos wliicli indicate the edges of 
the plates, When treated with a caustic alkali, suthciently 
strong to remove aU'thc fatty matter from the surface and 
heneath the free edges of, the scales, they are more dis¬ 
tinctly seen, and Fig, 57 gives an illustration of 'a number 
of those fibres from dillerent districts: A, is Arequipa 
Alpaca; B, Chala Alpaca; and C, Brown Alpaca, When 
wo examine the nature of the surface of the Alpaca fibre, 
wo notice the very great brilliancy of the surface of the 
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epidermal scales, wJiicIi, when perfectly clean ami viewed 
with light reilecteil from the surface, shine almost like 
polished metal. When carefully compared with the scales 
on the surface of a true w'ool, the Alpaca scales arc more 
robust, and dense, and wanting in translucency, liaving a 
sort of ivory consistency rather than a glassy appearance. 
This is of consi<lera))le importance to note, because it lies 
at the root of some of tlic <lilllcultics wliich are experienced 
in the dyeing of Alpaca as conij)ared with the truer w^ools, 
and is one of the causes which render it more difhcuH to 
fi.x the colour permanently upon Alpaca. Tiicre a?v, of 
course, great vaiieties in the appearance of libre-s even from 
the'same animal, and greater still in diirerent animals; Imt 
as a rule w’c may assume that the structure of the Alpaca 
fibre as a whole is denser tliau the truer wmol fibres, and 
olfcrs a greater resistaiice to tlic ])euetration of dyes, more 
especially those which icquire the aid of a mordant to fix 
them. 

Nearly allied to the Alpaca lihrc are many of the 
coarser wools which are dei'ivud from the mountainous 
disti'icts of Asia, although these ai e frequently much more 
defaced by the prcvalcnco of long coarse and kempy hairs 
than the Alpaca. M'c may mention a "few of them, 
although they aie very numerous, but these will serve as 
examples to illustrate what wc mean. In the grey 
Vicaneer and yellow raepathian wools wo have large 
horny scales which very closely rcscmlde the Alpaca scales, 
but they arc not quite so rcgulaj’ and not {|uitc so lustrous, 
though they difier very much in this respect. These wools 
are, however, always defaced by the coarse hairs which 
grow along witli them, and mixed with a finer under¬ 
growth of a much more true wool. Fig. 58 gives an 
illustration of the yellow Paepathian, where we see fibres 
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of all Ihoso ililtbi-oiil kinds. The tilircs A and K will he 
seen clo.scIy to resemble Alpaca in general ajipcarance, and 
in the structure of the epidermal seides. C i.s a coarse 
hail' with hii'ge rough .scales and dark pigment cells, while 
II and 1) arc libres which exhibit all the characteristics of 
fine true wool. The same general features which are 
found in these wools extend to all the coar.ser wools of 
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Asia and Northern Eurojie, but when we pass into the 
east of Asia we come in contact with another breed of 
sheep, where we have all the characteristics of true wool 
exaggerated in large toarsc fibrc.s. In this Chinese wool 
we have the surface covered with a series of plates ^vhich 
possess high lustre, but where the fibre seems to bo com¬ 
posed of distinct segments, the various scales being in each 
instance not distinct but coalesced into separate rings, 
which fit into each other like cups or crowns, and the 
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serrations being large and distinct. A few fibres of this 
wool arc exhibited in Fig. 59. At A we h«‘uo one of the 
finer fibres where the cu|)-like structure is distinctly visible, 
but witli serrated scale edge.s. In II and C we have coarse 
large-scaled fibres, and in D a coarse fibre exhibiting a 
finer structure at the upper eJid. The same general 
remarks which apply to the ordinary j’un of the coarser 
wools in Asia also apply to the Itussian and other nomadic 
wools of Northern Furope. Some of the wools of Northern 
Indki arc very similar, as may be seen in Fig. GO, where 
the largo ring-like scales arc very "marked. We have 
amongst them all classes of fibre, varying from hair which 
eannot he distingiiishe<l from the goat’s down to a fine 
sliort wool. In many districts within recent years very 
great improvements have been introduced; indeed some of 
the very finest and purest Merino wools are exported from 
Russia. 

Mohair. — When we come to Mohair, the fleece 
of the Angora goat, wc have anothoi’ distinct step towaids 
true wool. The scales become less niimerou.s than in 
the Alpaca, but arc more decided and show a more 
definite edge, afid we find a much greater variation in 
the general structure of tlic surface Of the fibre when 
taken from ditlcront parts of the same fleece. The 
illustrations given in Fig. Gl are taken from a pure-bred 
ram and magnified 200 diameters. The fibres were very 
fine atid wavy, and of a pure, transparent, lustrous white. 
A and T> are fibres taken from the fhiest part of the fleece, 
while' H and C arc from the britch. The length of some of 
the fibres was nearly twelve inches, and the diameters 
varied from of an inch to ^of a)i inch. In the 
coarser fibres the scales are the largest, and seem to be 
more irregularly disposed on the surface, and in the finer 
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fibres the scales and general structure seem to become very 
closely allied to the longer varieties of deep-grown lustrous 
wool. These finer fibres may with advantage be compared 
with those taken from a well-bred Lincoln hog given in 
Tig. 51, and the general likeness will be easily recognised. 
In all the deop-grown English wools we have the same 
general type as given hero, the only variation being that* 
as w'e approach the finer character of staple wc distinctly 



Fiu. 01.—Fibres of Moliair. x 200 Oiaiueteis. 

A iiiiii n. Film's lakvii fnim tlw liiiost luirt br lii<^ flewi'. 

B »nil (JoaiHO (lUri's with largii scah's. 

increase the tendency to greater distinctness of the covering 
scales and greater number of them^. Thus in the fine-bred 
Lcicesters we have them gencr-ally more numerous than in 
Lincoln wools, and more so again in the best deep-grown 
Irish and Northumberland. They may also be compared 
with Fig. 62, which represents fibres from a Leicester hog 
magnified 225 diameters, and with Eig. f>3, which gives the 
appearance of fibres from a Koscommon sheep magnified 
150 diameters. The author, however, has seen in more 
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Kic. 02.—Fibres of Leicester Wool, x 225 diaiiiekis. 
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Fici. 63.“Fibres of Irish Wool (Roscommou). x 160 diameters. 
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than one sample of ]iuro-brc<l Leicester fiVne.s wliieh could 
scarcely be distinguishetl from some of the longer Australian 
wools, although not so fine in the sbiple; and this may 
serve to mark the persistence of the new Leicester type 
even when crossed with the Merino after a few generations. 
Closely allied to the Mohair is the line (’ashnicre wool of 
tndia, which is the produce of a goat which abounds in the 
mountains of Tibet. Tlio hair iiif even longer than that of 
the Angora goat, some .sj)ecimens leaching even 16 inches 
in length, Imt it is not so curly, and indeed in many 
specimens has hanlly any curl whatever. The finest parts 
of the fleece only arc used, of which a single goat does not 
yield often more than .6 and the produce of ten gouts is 
rc'juired for a single shawl not more than I.2 yards s(piarc. 
The stirfacc of the fibres, which are even more like true hair 
than the Mohair, is not, however, so brilliant ir* the samples 
which 1 have seen, and the scales are rather more mimcrous, 
and in many places so thin as almost to be invisible or 
only revealed by the very faintest surface muikings. 

A mixed breed produced by crossing the Tibet with the 
Angora goat has been found to possess the most valuable 
properties by inei(;asing the best jiropcrties of each of the 
parent stock, and also the abundance of the best (il)re, but 
oven in this ci’oss the peculiar goat-like arrangement of 
the scales is still visible. 

When wo come to deal with 

(2) The middle class of wools, >vherc we have the 
artificial introduction of frosJi bloo<l for the special purpose 
of modification of the wool, so as to obtain the lustre and 
length of the deep-grown with the softness and fineness of 
the Southdowiis and other short-woolled sheep, wc can see 
at once the influence of this crossing in the structure of 
the fibre. 
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The autlior was particularly struck with this in a sample 
of Mohair which he examined some time ago, anil which 
was marked “first cross, half-bred wether.” Thi.s example, 
which is figured in Fig. 04, may he compared with the 
[lUre Mohair given in Fig. 61, and the dillerence will be at 
once apiiareiit. This dilferenee is specially noticeable in 
the coarser fibres C and I), where the scales are miii h monc 
serrated at the edges. A and I> closely I'esemble wool. 



Fill. (14.•• Filiivs of Hall'-Hrcil'iMoliJiir. x iiOO iliainett-rs. 

A iitui If. I’iiif llliiv.s closi'ly ri'sciiililiii^ tnn- wnol, 

(' and I). (hiiiisi- liljii- sliinviiiyr l.lie sid iutn] i'(l”i's hI' tiic scjili'.-i. 


The author does not know wliat class of animal the Angora 
was crossed with, but see at once the much more close 
approximation of the fibres to true wool than even in the 
finest fibres of the pure Moliair. The general length of 
the fibres was not more than 4 inches, and the average 
diameter not more than of an inch, so that the 

author thiidts the cross must have been with some pure, 
well-bred goat which is not native to America, from whence 
be received the sample. It is probable that it was a 
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Cashmere goat or some derivation. In the half-bred 
English wools we have another step towards the perfection 
of the true wool fibre, and this increases just in proportion 
as we advance towards the pure Southdown. There is a 
continual tendency to shorten the length of the wool, but 
to increase all its most typical qualities by an increase in 
the tendency to curl, in the number of serrations or scales 
to the inch, and the looseness with which they are attached 
to the cortical substance, as well as a decrease in the 
average diameter of the fibres. ^ 

All these properties vary with the degree of pureness in 
the breed of the sheep, and the degree of care to which 
they have been subjected. Although the Meiinos have 
ceased to exist as a separate breed in England, the in¬ 
fluence which they have exerted on the .Southdowns is 
([uite perceptil)lc in the general structure of many of the 
fibres, which in the finest classes closely resemble the pure 
Merino. 

Southdown Wool. —Fig. G5 may be taken as a fair 
illustration of pme Southdown wool, where we have the 
typical characteristics of this class well exhibited. All the 
fibres. A, B, C, and D are splendid examples of this famous 
wool. The scales are transparent and loose with fine 
serrated edges, and a tendency to run into each other so as 
in many parts to form a series of ring-shaped scales like the 
coarser Chinese wool, only of couT;se very much finer. The 
colour is pearly white, and the fibrqp quite tiansparent, ^ 
that the internal structure scarcely shows under any illumina¬ 
tion. If these fibres are magnified 225 diameters, as in Fig. 
66, so that the scales are clearly seen, the close setting of 
the scales as compared with the diameter being marked; 
and this is also seen in a closely allied w^ool, the Oxford 
Down, which is seen in Fig. 67, magnified 300 diaraetepfe; 
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Fio. 66.—Fibres of Southdown Wool, x 225 diaiueUrs. 
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jind this may also he compared with the filn'es of Cheviot 
wool given in Fig. C8, wliere the diffei'crice in the arrange¬ 
ment of the scales is very noticeable when magnified 125 
diameters. This class of wool approaches very closely 
to the 

Merino Wool. —(3) Tiie highest type of wool fibre, 
where we have all the best (jualities exhibited. 'Hiese 
high-class fibres are all the resMt of the cultivation of 



Ki<i. 07.Filiivs nl'OxCorl Down Wool, x 300 <liaiiiotfr.s. 

the Merino sheep, and for the longer wools of its 
judicious crossing with the new Leicester and other first- 
class long-woolled breeds, so as to increase the length 
of the staple and render the Atool fit for combing purposes 
as well' as for carding. We need only give two illus¬ 
trations of these fibres. The first, Fig. 60, where wo 
have a number of fibres of the finest American Merino, 
which even exceed in beauty and fineness of fibre the best 
Saxony or Australian wool. Some of these fibres were not 
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Fio. 69. — Fibres of Pure Merino Wool (Americuii). :< 390 diaiiieti-rs. 

Sliowing tin* lirlicate seiTat'''! <‘<lxes of IU<‘ eiiiderm.'il >:cak‘3 und tlieir 
great ivgnlurity. 
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more than of an inch, and the scales so numerous 

that they were not further apart than half the distance of 
the diameter of the fibre, so that these must have been 
about 6000 to the inch. The whole structure of the fibre 
was .so, beautifully delicate and silvery that it was quite a 
picture to look at. The fibres A and B are the perfection 
vf wool, and even C and D, from the coarser part of the 



Fid. 70 ,—Fibres of INir« Aiueiicnii Merino Wool, x 300 ili.iineters. 

Heecc, leave nothing to be desired. The length of the fibre 
was about 2 inches. This was the finest sample of wool 
the author ever saw. These filires when magnified 300 
diameters, as seen in Fig. HD, show how fine and delicate 
the scales are, and these may be compared with the fibres 
of French Kambouillet Merino shown in Fig. 71. and with 
German Saxony Merino shown in Fig. 72. 

Cross-Bred Wool. —When we cross these fine-fibred 
wools with the long-woolled breed of sheep we increase the 
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lustre of the fibre, })ecause we increase the size of the re¬ 
flecting surfaces, wliicli diminishes the dispersion of the 
light, but we also increase the diameter of tlie fibres and 
their general coarseness. We gain, however, the length 
of staple which enables the.se fitie wools to be used for 
worsted spinning; and at the jiresent time, such has been 
tjie impi'ovcment in these wools <lerived from some of our 
colonies, that all classes of Englisli bright wools can now be 



replaced by some of these long-woolled foreign varieties, 
and even where not replaced the yarns are nuicli improved 
by an adiiuxture with them. ^ 

Fig. 73 gives a typical illustration of this class of wool 
—the Leicester Botany. Here we have the curl and soft¬ 
ness of the Merino nnite<l with the length and lustre of the 
best deep-grown English wool. Tlie diameter of the fibres 
is reduced from an average of about of an inch, as in 
the pure Leicester, to of an inch, atid the number 
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of scales per inch also increased in about a like proportion; 
while, with the purity of the climate and the care and 
attention bestowed on the sheep, the fibres become wonder¬ 
fully uniform, and the lustre bright and silvery, some of 
the fibres approaching in brightness even the lustre of the 
Mohair. These fibres arc magnified 2r)0 diameters in 
Fig. 74, ami they may be compared with Fig. 7h, which 


Fi(i. / k—rilii’ts ol Coarse Muriiio Wnol (:ro.s,s<'il with lA-icester. 
X '250 (liiiMicti'is, 


shows fibres of Australian Merino crossed with Lincoln, in 
which the difiercnce in the Leicester and Lincoln strain 
can be easily recognised. , 

Having now shortly looked at the various modifications 
which are introduced into the wool fibre by variation in the 
condition of the sheep as far as food, climate, cultivation, 
and race are concerned, we are now in a position to con¬ 
sider the last part of our inquiry, viz. 
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III.— How far these mriations in the nUimic fibre ntaj; 
affeci its use in the innnvfacturing iwocess. 

0. Mechanically, 

H. Chemically. 

This, of course, is really the most important part of our 
subject, and the one which demands our closest attention, 



Fi<i. 7.''. --Fibi'es of Half-Bred Aiistraliaa Mtrino and 
Idiioulti. X 225 diatiKd.er.s. 

A iiikI U. Linvulu-like CaiidO. Mi'iinu-likc llbirs. 

because it really involves any practical results which may 
flow out of our previous investigalions. All the changes 
through which the raw matgrial is'jxassed in the manu- 
facturiirg process is either mechanical or chemical, or a 
combination of the two, for though in some cases they 
cannot be separated, they are nevertheless of a different 
order. 

G. In regard to the mechanical effect of the various 
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difl«rences in the nature of the fibres with which we liave 
to work, the author can only repeat what he said in the 
work on the Sinichire of the Cotton Fibref that we can 
only expect to arrive at better results ])y an intelligent 
adaptation of all the knowledge which wo possess, both in 
regard to the nature of the material with whicli we are 
working and to the use of right methods in the manipula¬ 
tion—that is to say, methods which are founded on a 
coTKct nUmnlc o( the principles involved in the ti'ansform- 
ing process. All our machines and processes are only a 
means to an end, aflef the correct nmthod of proceeding is 
ever to have the e7i<l in view from the beginning. Strange 
as this may appear, such is not^always the case in our 
manufactures, and especially in those where the materials 
pass through many hands in ditlcrent works before reaching 
the final stage. How often do we find the farmer, for 
example, quite careless in regard to the nature of the dips 
and washes and smears which lie uses for his sheep, in 
utter forgetfulness of the fact that although he may gain a 
temporary advantage he is spoiling the wool for future use 
in spinning and dyeing. The manager of a very large wool- 
combing establishment once said to the author, “Nothing 
bothers us more than the ignorance and stupidity of some 
farmers. If they would let the wool alone, and send it to 
us as it grows on the sheep, we should have far less 
difficulties to contend with. The fibre is spoilt before it 
comes to us.” How often in detaching the wool from the 
'skin at the felmonger’s, or ^ven in careless sorting and 
packing, do we find the fibre needlessly injured, liot to 
speak of the after-washing and drying of the wool, when 
temperature is guessed, and soaps and scouring solutions 

^ Bowman, Structure of Vui Cotton Fibres Macmillan & Co., LlU., 
London, 1908. 
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uscil, with an utter disregard cither to the spinning, or 
ma>\ufacturing, or dyeing. How often do we find in the 
spinning of the yarn an utter want of proper adaptation, 
either in the machines used for the raw material which is 
l)eing worked, or, what is «piite ii.s hud, in the wrong setting 
of the various parts of tlic machine to do the work even 
when they are capable of it wlien rightly managed. We 
know that the exigencies of tiltdc have often compelled 
mauufactnrcrs to endeavour to use their machines for 
purposes for which they were not strictly designed hy the 
greater variety and character of /avns which arc now 
required; but we also know that until recently, at any 
rate, there has been Icss^attention paid in the worsted than 
in the cotton trade to the exact adaptation of every pro¬ 
cess and every machine to the exact raw material which it 
was designed to work, ami the machines themselves were 
less automatic. This is, however, now i)assing away and, 
in consequence of these defects, there have been many 
failures in the endeavour to pro<lucc certain results which 
are attainable if the right machines and the right use of 
them arc only applied. The future of manufactures seems, 
like the future of scientists, to point to and we 

already see this in the fad that certain individuals and 
even certain <listricts obtain a special name, which the 
necessary adaptation in every respect alone can give; and 
it will be more so in the future, as a continually liigher 
standard of perfection will he required. What shall wo 
say in regard to the neglect of all consideration in the 
meehahical processes which is often evinced in respect to 
after-chemical processes, such as dyeing and finishing, 
^ where unsuitable soaps, unsuitable oils, unsuitable tempera¬ 
tures, both moist and dry, are frequently used, in absolute 
forgetfulness that the delicate fibres are afterwards intended 
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to receive various sliatles of colour, an<l ncc^l all the 
porosity of the fibre, and all the orli'inal surface lustre 
of the epidermal scales, if they are to give the full effect to 
the beauty with which they were originally endowed? 
Then wc wonder how it is that certoin goo<ls come up 
wrong, or certain parts of the warp or weft arc not alike, or 
certain sha<les arc fugitive or change their colour, and every 
one concerned hlaimis evwy one else in a “vicious circle.” 

It is lieyoiid the scoj)c of this w'ork to deal with tlie 
nature of the machineiy which i.s employed in* the 
mechanical proces.s(?s^)f manufacture, either in spinning or 
weaving, and for such itjformatioii the author can only 
refer to such works as W, S. ]>. M'Tiaren, M.A., on 
Ajannhig jrnoHai- mid JForslrd, in CasseU’s Series of Alamials 
of Technology ; Ashenhurst’s TroUisc nn fr(’nrlii<i; Harlow’s 
Hidm'ij awl i’dncdjikif ({f- ll'mvhaj \ and Fox’s iVa'hanim 
X>f JFeoniiif/.^ Our intention here is to treat of the jn’inciples 
-which underlie these processes. The treatment of cotton 
in the procc.ss of manufactm’o into yarn is much more 
purely mctdianical than that of wool, ))ccau 80 the cotton 
needs no ))revious process of washi?ig, which is one of the 
essentials previous to cither worsted or woollen spinning, 
at any rate so far Is grey yarns are concerned, ami indeed 
all yarns w'hich are made in the first instance from the 
fleece; for wc know that many kinds of woollen yarn are 
now made from materials which, to say the least of it, 
po.ssess only a very siftall quantity of original wool in 
them. No process is fnore im^iortant than this preliminary 
washing, and indeed the more attention which is paid to 
this part of the manufacture the better will be the results 
which arc obtained. 

* <yf IVeavinff, T. \V. Fox, M.So., MActnill.ati k Co., Lid., 

IjOiidoD, ]fl07. 
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We have already seen how delicate is the atruct\ire of 
tlio fibre, and how easily the fine enamelled surface of the 
epidermal scales can be injured, either by too great heat in 
the water, or the use of alkaline leys, which remove not 
only all the suint and free fats which are associated with 
it, but also attiick the fatty constituents of the structural 
cells, and thus not only tend to render the fibre hard, 
dnpliable, and bask, but also deteriorate the strength and 
destroy the lustre. The results of our irnjuiries in regard 
to Ibese various points, which we have already considered 
in their proper places, mechanically a'ad chemically, would 
lead us to the following conclusions in regard to the rules 
which should guide us in this preliminary cleansing of the 
wool:— 


Kulks to bk folt,owei) in \vashin(J Wool 

(1) Never permit the temperature of the washing liquor 
to exceed 130' F. for coarse free w'ools, or 140 F. for fine 
wools. 

The practice of turning steam direct into the vessels 
w'hich contain the wool is most reprehensible, because wdien 
the steam, in the act of condensation, come.s into contact 
with the fibres of the w'ool, they may bo subjected to a 
much higher temperature than they can stand without 
injury, since the mass of wool in the water prevents the 
free formation of currents, and thu.i cruises one part of the 
liquid to be at a much higher temperature than another. 
The author’s experiments in regard to this matter have 
shown that in a bowl of water and wool the temperature of 
the water in somo parts may almost approach the boiling 
point, 212'’ F., while in other parts of the same bowl it may 
not be more than 90* F., or even less. The best way is to 
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have the water heated in a separate tank or cistern, and 
draw the water into the washing machines fiom this 
cistern, whore the temperature can ho ko])t comparatively 
constant. 

(2) Nothing hut perfectly neutral soaps shotild be used, 
at any rate when the wool is in any degree clean, and 
potash in preference to soda as the ba.se of the soap.s. 

When the wool is vcjiy dirty and the grease hard and 
stilf, it may sometimes be necessary to use a slightly 
alkaline soap, and thus remove the adhering grease •more 
ra[>idly, but the •gfeatest care should be exercised to 
prevent the .surface of the fi])re from being injured. The 
.suint, which is the natural grease of the wool, a.s we hate 
already seen, is composed in thelarger part of sudorate of 
poUish, which really assists in the washing of the wool 
without in any way deteriorating it. The Iiiglier Instred 
llbres, such as alpaca and mohair, ar<! even more sensitive 
to temperature and free alkali tlian wool, and hence in 
washing all fibres when In.stre is important, the lowest 
temperature al>ovo 60" F. and the perfect neutrality of the 
soaps are most important, and hy the [irocess of steeping 
the wool before washing there is a great saving in soap as 
•well as the recovery of a valualde residual. 

(3) I'he less agitation and mechanical action in the form 
of s((ucczing or pressure whicli can he used the better. 

We have already seen that when wool fibres arc exposed 
to the action of hot wattr they are more liable to felt than 
when in the dry state, and especially when the wool is in¬ 
tended for wopsted rather than woollen spinning,* ought 
the greatest care to be exercised in the manipulation of the 
wool so as to cause the least felting action. 

(•1) The greatest care should be exercised in the drying 
of the wool, after washing, so as to prevent too high a 
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tenipcratiirc, which .should not exceed 100“ to 120“ F. at 
the mo.st, Imt the lower the hotter. 

This is also a most important matter, hecansc if the 
wool is too much dried it hccomcs desiccated and loses its 
natural kindness and suppleness, ami tends to hccome 
hrittle. In addition to thi.s, when unduly dry the wool 
fihre becomes elcctiified, and the fibres then are mutually 
re'pellaTit, so that they resist the.n.atural orilcr in which 
they should he |)Iaccd by the action of the machinery, and 
the yarn leecoiues uneven and roufth. 



ClFA-i'THIt XIII 

.STKKNU'I’ll AND TESTING OF WOliSTED \ AltNS 

When Ujo process of wasliiiig is completed, it becomes 
necessary to determine the speei;^! cliaiaeter of the pioccss 
of spinning which is to be adopted in order to change the 
fibre into yarn. Wool may be cliangcil either into worsted 
or woollen yarn according to the processes to which it is 
subjected. These two ditrerent classes of wool threads 
are essentially dillercnt. formerly it was considered a 
sullicicnt definition hetween the two to .say that worste<l 
was made from long \yool, and woollen yarn fi’om short 
wool; or the difleroncc was fieipiently expies.scd by saying 
that wor.stetl yarns were made fi’oni combed, and woollen 
yarns from earilcif wool. These distinctions were generally 
true, because formerly iiotliing but long wools could be 
sprui into worsted, and sljort wools into woollen yarn, and 
the usual process was combing for the woi’stcd and carding 
for the woollen yarns; but neither of tlicsc definitions 
expressed the essential dific^ence between the two, which 
is really determined by the method in which tire filwcs arc 
arranged in tlio two threads. 

Classification of Yams— The improvements in 
machinery, especially in combing, have rendered it possible 
to comb short wools which at one time could oirly be 
357 
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carded, and many wools are now treated by carding 
pre])aratory to combing, as well as many short wools being 
spun into worsted. Tlie real difference lies not in the 
method of prejwuation, l)Ut in the difference of mechanical 
constraint which is put upon the fibres in the two different 
classes of yarn. the worsted thread the fibres are 
arranged parallel to each other, and the twist which is put 
into the yarn is simply a general Pwisting of all the paiallel 
fibres roujid the central axis of the thread, the longer- and 
shorttjr filn-es being intermixed witli each otlier eipially 
throughout the whole cros.s-.section. fn*tho woollen thread 
this is not the case: lire paralleli.sm of the lilire.s is 
pur posely prcvcnt«id, aitd ^the nrethiKl employed in spinriittg 
deternrines that all lire longer fibres shall ai-range them- 
sclve.s more or less alortg the central axis of the thread, 
while tiro shorter arc thrown upon the surface, so that in 
cr-oss-section the longer fibres occupy the centre and the 
shorter the circumference. The strength of the two 
threads, also, in the case of tiro worsted thi'ead depends 
more uporr the strcngtli derived from the mechanical 
arrangement of the fibres, and their- mutual resistance to 
longitudiiral strain derived from their pai-allelism and 
twist; while in the woollen thread it is^ derived from the 
matting and cjrtanglcment of the fibres one with another, 
like links in a chain, arising from the interlocking action of 
tire epidermal scales. The characteristic of worsted yarn 
is therefore great smoothness and hai-dness of thi-ead, while 
that of woollen is roughness ^nd fuliie.ss, and the greatest 
perfection of cacli of these resirective yarns is reached 
just in proportion as these two characteristics are most 
pi-ominent. Worsted yarn is therefore best adapted to 
display the best strength and lustre of wool, while woollen 
yarn best exhibits the softness and pliability. These 
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respective fcntnrcs are easily seen when a worsteil and a 
woollen thread arc examined with a low magnifying power, 
such as the ordinary piece-glass used for counting the 
nunilier (jf picks in cloth. 

In the process of worsted spinning, therefore, the greater 
the nniforniity of the fibres, both in regaid to length and 
diameter, the greater will be the chance of arriving at tlie 
best I'osiilts in the linisilied yarn; while in the woollen 
thread the same regulaiity will not be necessary—indeed, 
the highest character will he attained where thera is a 
considerable Imt nt»t*too great dirlerencc in the dimensions 
of the se[)arate tibres. 

Jn all wools there arc i^on.siderable dillerences in rcgjfi'd 
to botli these ilimcnsioiLs, and it becomes important to see 
how far these ditlerenees affect the regularity and perfection 
of the sfiinning, as regards the uniformity of strcnglli, 
regularity of twist, and evenness of diameter, especially in 
the woi’sted yarns, because all these desiderata are less 
important in the woollen thi’cad. 

It will be seen from this how veiy important it is that 
the proper class of wool be selected from wiiich to spin the 
various kinds of yarn which are required in textile manu¬ 
factures, becanse*upon this suitability of the raw material 
will depend the success of the results in the manufactured 
state. Nothing indeed in the whole range of technical 
knowledge reipiires greater judgment and experience than 
the selection and blemfing of the various wools, and where 
this preliminary is neglected it is impossible to spin good 
yarn. 

The counts to which wool can be spun depend u()on 
the diameter of the fibres of the wool, because if we get 
less than a certain number of fibres in a cross-section of the 
thread, wo cannot have cither uniformity in the spinning 
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or tonucity in the yiini. I'lie Hnoness ut the wool illtlers 
very niueli in diU'ereiit classes of wool, hut the following 
table, taken from Lcrotix’s Trciiti^e on Ikn Mainifadurc of 
Jl'oidcd and ('iifikd- Jln/is, will give some idea of this 
relation between lineness and spinning power;-- 



Comparison- of 'Wools from Diffk 
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To (letctmine the degree of I'cgularity in the strength, 
counts, and twist in yiirns, the author made a large series 
of experiments with diflereut clus.ses and counts of worsted 
yarns, umler similar test con<lition.s to those which he has 
alrcfuiy given iii the work on the structure of the cotton 
fibre, and to these he must now call attention. 

Kxi'KHImknts (.►n Worstkd Yarns 

liu making the experiments upon the sti’cngth and 
regularity in counts of cotton yarn,*lii3 ulway.s o])eratcd 
upon oni! wrap or lea, which is 120 yards, or |th part of 
tlfe hank of iS-IO yards ; and when this lea is reeled upon a 
reel U yarti or 51 inches in <Uameter, it represents the 
average stjongth of ICO threads, or 80 threads on each 
side of the wrap sti))jecied to teji.sion. Tiic worsted hank 
is only 5G0 yards, in place of 840 yaids in cotton, and 
therefore, in order that we may com])aro the relative 
strength of worsted and cotton yarns, w'e must I'ecl the 
worsted on a 30-inch reel in place of a r)4-inch, and then 
the hank will consist of 7 lea.s of 80 yards each, in place 
of 120 yards in the cotton lea, while we have the same 
number of threads to carry the strain. This is the general 
method of reeling siitgle worsted yarrts, and the worsted 
table will stand thus:— 

WORSTKD TAIJI.E 

1 yard 3= 1 thread ^ * 

80 yanUii: 80 threads = 1 wrap or Ica 
560 „ = 560 „ =7 wraps or leas — 1 hank 

The counts are determined in worsted in the same way 
as in cotton yarns—that is to say, that 1 hank of Ts, or 
560 yards of rs,*weighs exactly 1 pound avoirdupois or 
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7000 grains, and 1 lea of 80 yards therefore weighs exactly 
1000 grains. If, therefore, W represents the weight of the 
lea in grains, and C tlie counts of the yarn, we have— 

Cx W^looi) 

1000 

therefore- ^ W 

0 

I Ouo 

aiul-= 0 

W 

In this way we can easily determine the counts of any 
worsted yarn if we know the weiglit of 1 lea or 80 yards, 
or the weigiit of 80 yards of any yarn if we know the 
counts. The same table of counts and weiglit foi- any 
number of leas of cotton yarn will serve eipially foi' 
worsted yarns, if we use the .‘IG-ineli wrap reel in place of 
the b'l-inch, because we shall then have only 80 yards in 
the lea in place of 120 yards. Although the 3G inch reel 
is the one usually employed it is not universal, as the 
length sometimes varies from I yard up to 12 yards, ami 
the forms of making up, leasing, and tying are cmlless. 
The following table, therefore, which appeared in the work 
on the structure’of the cotton fibre, will be useful to 
worsted spinners, remembering that the length of the lea 
is 80 yards 


[Table 
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TAllLK Oi?' AVHUillTS oK VARIOUS COUNTS iW 
WUHSTKI) ^■AKN 



SVciKtil. "T 

j Weit:1itor 

nt- 

Waixiii, i.r 

= 

1 l)-a Ml )’i1h. 

‘2 loas - li'.O yil.s. 

3 l(.■:l-S-LM0 yils. 

1 l.us -a20y.. 

- 

tn 

j ill (irniiiis. 

1 iniirjiiii.s. 

ill (ii'uiii.s. 

1 

1000-000 

2000-dOO 

i 

■ 3000-000 

•1000-000 

•2 

500 000 

looo-ooo 

1500 000 

2000-OuO 

' 3 

333-333 

666 -6()6 

• 1000-000 

1333-333 

4 

250-000 

500-000 

: 750-oOO 

lOOO-OOO 

b 

200-000 

^ 400 -oou 

600-000 

8(10-000 

(> • 

J0ti-06G 

' 333-332 

' 499-999 

6(i6-666 

7 

] 12-857 

285-71 1 

•las'.vi 

571 -4-28 

8 

125-00(1 

250-0(10 

' 375-000 

500-000 

w 

111-111 

222-222 

332-333 

Ul-144 

,Ul 

UiO-000 

■JOO-OOd 

300-000 

•loO-OOO 

11 

00-11011 

1 181-81.8 

1 l66-6t)6 

272-7-27 

363-()3l> 

12 

.S3-332 

2.50-000 

333-333 

i;j 

70 •023 

153-816 

1 . 220-769 

307-692 

14 

7I-42S 

U2-.S57 

1 214'285 

2.S5-7M 

I'l 

1 (lO-COO 

132-333 

j 199-999 

266-666 

u; 

62-500 

125-000 

i 187-500 

2.50-000 

17 

58-S22 

117-647 

t 176-170 

2.25-291 

IS 

55-555 

lll-lll 

1 166-666 

222-222 

111 

52-()21 

105-263 

i IS 7-Sill 

210-526 

20 

50-000 

100-000 

150 000 

200-000 

21 

47-619 

05-228 

M2 S57 

190-476 

22 

15-451 

00-009 

136-362 

1.81-818 

22 

j 13-478 

86-956 

130-134 

173-913 

21 

, 11-661) 

83-223 

121-999 

166-666 

25 

i 40-000 

80-000 

120-000 

160-000 

2<i 

I 38-461 

76-0-23 

115-3.S# 

153-846 

27 

: 37-037 

74 071 

i in-in 

118-148 

2 s 

35-714 

71-428 

i 107-142 , 

142-,S57 

20 

^ 31-482 

6S-065 

1 103-447 

137-931 

20 

33-333 

! 66-066 

' 99-999 

' 133-333 

31 

32-258 

i 64-516 

M'7r4 

129-032 

32 

31-250 : 

, 62-500 I 

• •93-750 • 

125-000 

33 

30-303 j 

' 60-606 1 

90-909 

121-212 

34 

20-411 ! 

58-823 ^ 

88-234 

n7-()i7 

25 

28-5;] I 

57 112* 

85-713 

114-285 

33 

* 27-777 1 

55-555 

83-332 

111-111 

37 

27-027 ! 

54 -054 

81-081 

108-108 

38 

' 26-363 ' 

52-727 

79-090 

105-263 

30 

•2r.-iin 

51-282 

76-923 

102-564 

40 

1 -25-000 ■ 

50-000 

75-000 

100-000 

11 

24-300 j 

48-780 

73-170 

. 97-560 
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TAiu.K ov \VKir:nTs-w»//»».v/. 


2 

WoighL of 

W.-ighl of 

W.'iglif. of 

WVi-ld, of 

s 

1 Ift-i -(SO yds, 

•2 leas- 16(1 }'c|s 

3 lc'as---‘2l(i yds. 

•1 li'a.s a-.’O V'ls, 

0 


ill drains. 

ill drains. 

ill (ii'aiiis. 

•12 

23 SO!) 

47-019 

71-129 

!(5-233 

43 

23-255 

40-511 

09-760 

93-023 

41 

22-727 

45 •151 

08-181 

90-909 

4') 

22-222 

41-141 

00'066 

83-33S * 

4() 

21-73!» 

43-478 

65-217 

86-950 

47 

21-276 

12-55.‘! 

63-32'.' 

85-100 

43 

20-333 

ll-6()(; 

62-499 

S:i-;0‘6 1 

•111 

20-403 

40-316 

61-224 

31-(,32 

r.o 

20-00(1 

• '* 40-000 

OO-OOO 

30-000 

r.i 

19-607 

39-215 

fiS sa:! 

78-431 


lil’2:i(l 

33-161 

57-691 

70-923 

r.3 

13-367 

37-735 

50-002 

75-171 ' 

54 

13-513 

37-037 

J 55-555 

74-074 

fif) 

18-131 

30-363 

54-54 1 

72-727 : 

5(4 

17'357 

35-711 

53-571 

71-4-23 

57 

17-513 

35-087 

52-030 

70-175 ! 

53 

17-211 

34-432 

51-7-23 

03-905 : 

5!) 

16-941) 

33-89,s 

50-847 

07-790 1 

no 

16-666 

;53-333 

49-999 


()1 

lo-.w 

32-786 

19-179 


112 

16-1-2!) 

32-258 

13-337 

04-510 ! 

i;3 

15-373 

31-740 

17-019 

03-192 : 

(51 

15-025 

31-250 

40-375 

02-500 

65 

15-381 

30-769 

40-153 

01 -533 : 

66 

15-151 

30-303 

45-451 

00 000 , 

67 

14-925 

29-850 

M -775 

59-701 : 

68 

M-705 

29-•111 

4I-116 

58-323 

6 !l 

11-402 

28-985 

43-477 

57-971 

70 

M'235 

28-571 

42-350 

57-112 

71 

14-081 

28-169 

42-253 

50-338 

. 72 

13-383 

27-777 

41-605 • 


73 

13-698 

27-397 

41-095 

54-794 

74 

13-513 

?7-027 

■lO-fidO 

54 -054 

7T> 

13-333* 

26-066 

39-999 1 

53-333 

76 

13-131 

» 26-363 

39-544 I 

52-727 

77 

12,-987 

25-9;-U 

38-901 

51-948 

78 

12-820 

25-641 

38-461 

51-^82 

79 

12-658 

25-316 

37-974 

50-032 

80 

12-500 

25-000 

37-500 

50-000 

81 

12-345 

21-691 

37-036 ' 

49-382 • 

82 

12-195 

24 -390 

30-585 

48-780 

83 

12-048 

24-090 

36-144 

18-192 
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TAHLR OF \VKI(iHTS--co».<t>?«rrf. 



w.iniuor 

Wci^llf. of 

W'-uhtof 

Wfijilit or 

s 

1 lfll = SI( J’lls, 

1 .’ li ;0 yfl.s. 

;i VcIm. 

4 yils. 

5 

it) Onins. 

ill (ji'.aitis. 

_ . 

ii) (il'itiiis. 

jjl (il'.-lilM. 

84 

11-904 

23-809 

3.5-713 

47 019 

85 

11-704 

23-.529 

3r.-293 

47-0.58 

H6 

n-627 

23"ir.') 

• 34-882 

40-.511 

87 

11-494 

22-988 

31-482 

4.5-977 

88 

11-303 

22-727 

. 31-090 

4.5-4'll 

89 

11-2.3.5 

22-171 

33-700 

41-943 

90 

n -111 

2 -2"222 

33-333 

44-144 

91. 

10-989 

21-978 

32-907 

43-950 

92 

10-809 

21-739 

3;voos 

43-178 

93 

10-7.52 

21 -.50.5 

32-2.57 

43-010 

94 

10-0.38 

21-270 

31-914 

42-5.53 

. 9.5 

io-r.- 2 o 

21 O'.-J 

31-578 

42-105 

90 

10-410 

20-.833 
2 fj-0]8 

31-249 

11 -ooo 

97 

10-309 

30-927 

41-237 

98 

10-204 

20-408 

30-012 

40-810 

99 

10-101 

20-202 

30-3U3 

40-404 

100 

10-000 

20-000 

30-000 

40-000 


Tf tliis taltle is required to be used for hiji;ber counts 
than lOO’s, it is best to double the number of leas, and 
then double the counts which the weight represents. 
Thus 8 leas of 120’s will weigh 66 ' 6 bG grains, wliich 
corresponds to CO’s on this table, and doulde this numbei’ 
is 120’s, which is the counts refpiired. For twofold yarns, 
2 leas will correspond to 4 on this table, as, for example, 
2 lea.sof 2/40’s will weigh 100 grains, which is the weight 
of 4 leas of single 40’s. In any case it is better to use 
8 leas in place of 4 leas when the yarFj is above JOO’s, 
because tlje <liflerence in weight IwjtwVen one count and the 
next is, so small that they can only be distinguished by 
very accurate weighing, whereas by increasing the number 
of leas we increase the difference, so as to make it more 
readily appreciable and less liable to be mistaken for any 
other count. 
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Id making the experiments on worsted yarns the same 
precautions and metluxls were used as fully descrilied in 
work on the cotton fibre,’ and tlie same class of machines 
for the work, except that the reel was 3G in place of r)4 
inches in diameter, and it is not, therefore, necessary to 
repeat them. 

The room in which the operations were performed was 
kept at a uniform tem|j|prature by a steam stove, and ^1 
the samides of yarn were exposed in the room for twenty- 
four hours before testing, so as to permit them to atviuire 
as far as possible the*fiamc conditions in regard to tempera¬ 
ture and moisture, both of which have an effect on the 
strength of the yarn. * 

It may be noted hero that sti^ngth is not of the same 
importance in worsted as in cotton yarn, hccansc from the 
nature of the raw material and the greater strength of the 
wool than the cotton hhre, all woisted yarns made from 
sound wool, ur)le.s.s tcndere<l in tin! process of manu¬ 
facture, are amply sufticient in strength for all practical 
purposes. 

The samples of yarn themselves were selected from 
various makers, and were fair averages of a largo pnxluc- 
tioii, and not picl^d .samjiles, the intention being to arrive 
at the degree of perfection attainable in the ordinary yarns 
of commerce; hut all the yarns were made hy spinners 
who have a good name in the market for their respective 
productions. 

The experiments e^ctended over a much wider range of 
count-s and samples than are Sere recorded, but the .general 
results were the same as given by these! examples, and 
they were chosen only from those which are generally used 

^ Bowman, Slrw.tiire nf l/m. Oofton filre, C!iaj>. Mf., Macniilhu & 
Co., liW., Lomlon, li'08. 
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in the Hradford trade, arid they may lx‘ taken as types of 
all other similar counts of yarn. 

In all cases five experiments were made with the same 
tliread, and four threads takoii out of each sample pro¬ 
miscuously, and the results in the following hiblcs may 
therefore, from the care taken in the ex]>criments, ho ^•olied 
upon as a basis for generalisation, ami they may also be 
taken as a fair representation of )vhat may be expected in 
the degr<^e of [)erfection to which ordinary good commercial 
yarnr usually attain : 
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SAMPLE A 

2 I’h Single, 8'r) turns, spun from Leicester Butany Wool. 







NiimiIkt Ilf 

Kvlic’fitin'iils. 

Wniftlit, jin- Ifii 
ill IIk. 

in Oraiiis. 

Avi-ni^fi 

\V«ij;lit. 

(’omilx. 

No. 1 

(iO • • 

40'12 




4S 

41 •22 




(M 

41 48 




12 

40-25 




no 

4 1 -8;! « 

11-000 

21-21 

No. 2 


11-20 




(io 

41 -00 




•10 

40-;?8 




01 

42-00 




ilO 

42-12 

41-240 

21 -18 

No. :s 

41 

41 -20 




r>o 

11.^1 

40-15 

40-22 




(iO 

41-00 




f.2 

42-11 

40 <156 

21-41 

No. 4 

45 

11-11 




01 • 

42-00 




.52 

42-00 




02 

41-80 




54 

40-60 

41-514 

24-08 


5475 


41-202 

24-25 


• 





This is a good commercial yarn. Tlie counts of a 
count on the fine side. Tlie greatest variation in strength is in 
No. 2, from 40 to 64 Ihs. = 24 lbs., or 4.3 per cent of the average 
strength. The greatest variation in weight is in No. 3, from 
40T5 to 42T1 grains, or 1-96 grains, which is about 5 per 
cent of the average weight 

2 B 
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SAMPLE B 


3()’s !) 75 turns, spun irom Irisli and liidcestcr Botany 

Wool. 


Niinjlii’t of 
KVjH-litllfMlIs. 

nr<-aKitiK 
piT li'ji 
in ll>s. 

wi-mm 

Aoth;;'- 

Wci^Oit. 


No. 

1 

;iO 

34-20 





■\2 

33-()0 


i 




34-12 





2H 

.-i t -24 





O', 

34-00 

31-03-2 

21)-3S j 

No. 

2 

;is ; 

31 -.^>0 





yo i 

34-12 


j 



‘JO 

34-20 





4 1 



, 



2il 

34-11 

34 ^IC 

211 -22 

No. 


•10 

33-31 






.•{3-40 





31 

33-7.^» 





3<5 

34-12 





.10 1 

31 -00 

33-8](> 

2!i-;7 

No. 

■\ 

2.^. ' 

33-1-2 





21) 

33-40 





.■)!l 

33-02 





37 

33-01 





27 j 

33-21 

33-273 

30-0a 

. 


31-2 


33 

oo-r.r, 

' 


Tlii.s is a f'ood yarn. The counts are ratlier ooursc on the 
average. The greatest variation in strcngtli is in No. 2, from 
*20 to 44 Ib-s.— 18 Ihs., cir ^3 per cent of the average strength. 
Tln! greatest variation in weight i.s in No. 3, from 3.3'1 to .34'12 
grains = -72 grains, or 2T jh.t cent of the avei-Jige weight. 
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SAMPLE C 

36’s 8in-^rlo, 12 turns, spun from Irisii ;iml Leicester Rolaiiv 


1 Nutlllll'l'dl' 
hiXlM-rfiiii'iil.s. 

Un-flliiii;; 
Wdi^'lit piT li’u 
in IIm. 

ftJ (il'uillS. 

Av<.r,T.;i' 

Wcifilil. 

Coiiiil.s, 


•r' • 

■- 

. .. 

. 

No, 1 

n 

:’.o 

28 

24 

20-5.5 

27-80 

27-84 
27-13 • 


* 


21 

•27-1)5 • 

27-4:>1 

3i!-42 

No. 2 

:i() 

•2U-8.4 




2f 

27-81 



1 

28 

•27 •21 



j 

27 

2813 



i 

21 

28 '25 

27 ■(>52 


1 

■ N(.. ;! 

;!2 

27'.50 




;i0 

27 •83 




22 

•28-12 




25 

28-12 




20 

27-90 

■27-S!M 

35-85 , 

No. -1 

• 




28 

27-40 




2(! 

27 '03 




30 

27-21 




20 

27-do 




■•52 

27-80 

27-.588 

36-21 

' 

• 

• • - 


. — .. . 


27 


27-Cl 7 

3(;-i(i 1 


A good cotiuiiercial Tlie counts are sliglitly on the 

fine side. Tlio greatest variation in .strength' i.s in No. •}, from 
20 to y2 lljs. TT 12 1I)S., or 44 pr cent of tim average strength. 
The greatest variation ju weight is in No. 2, fron> 2G 83 to 
28'2,6 grains = 1‘42, or B p(T cent of.the average weight. 
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SAMPLE J) 

40’s Single, 12*25 turns, spun from Leicester Botany Wool. 


Number uf 
ExjK-rimeiils. 

__ 

Mreakiim' 
Wtiijiht jwr lea 
ill IbH. 

Wrifilit * 
ill (trains. 

Average 

Weiiilit. 

(Viimis. 

No. 1 

25 

24*87 




24 

24*88 




20 

24*;)1 




28 

24*90 




20 

,24*25 

24 •G42 

40*58 

No. 2 

26 

•24*60 




17 

24*75 




21 

24 -S.-J 




25 

25*12 




16 

24*60 

24*780 

40-.3.5 

No. ;i 

28 

25 

24*80 

25*12 




19 

25-00 




20 

25*12 




21 

24 *75 

24*9.58 

40*06 

No. 4 

20 

24*60 




18 

24-.50 




15 

24*2:{ 




22 

25*12 




24 

25*25 

24*760 

40*38 


21*8 


24*785 

40*34 




-1. 



This is a good yarn. The cCunts are about j^ of a count on 
the fine side. The greatest variation in strength is in No. 2, 
from 16 to 26 lbs. = 10 lbs., or -11 per cent of the average 
strengtli. The greatest variation in weight is in No. 4, from 
24*33 to 25*25 grains = *92 grains, or 3 per cent of the average 
weight. 
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SAMPLE E 

40’8 Single, 16‘6 tunie, spun from Leicester Botany Wool. 


' 



... 

_ - 

Numlitn' of 

I'oi' lea 
iti Ihs. 

^ WPiglil 
in (iraiii.s. 

AvurJit,"' 

WniKlit. 


No. 1 

27 

25*84 


• 


29* • 

25*67 




20 

2.5*04 




22 

24 *75 




28 

25*26 

25*312 

39-56 

No. -1 

2 () 





28 

25*13 




28 

‘25-20 




21 

21-31 


. 


21 

21*84 

24-9S0 

40-00 

No. ;j 

2 .^ 

25 12 




28 

.25*31 




27 

25*00 




22 

25-13 




29 

• 25-12 

25-196 

39-68 

No. 1 

26 

25*14 




26 

25*31 




30* 

21-74 




21 

25*18 




2-1 

25*04 

25*082 

39-86 


26-8 


25-142 

39-7? 





_ _ _ 


Tliis is a lirst-class yarn. • Tiie counts are rather coarse. 
The greatest variation in etrengtli is in No. 4, from to 30 
lbs. = 9 11)8., or ST) per cent of the average strength. The 
greatest variation in weight is in No. 2, from 24*31 to 25*42 
grains =51*11 grains, or 4*4 per cent of the average weight. 
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SAMPLE F 


50’$ 17':i2 liiijis, s|)ini from LuiccsU;i- Uutiiny Woul. 


Nitinlii'i' lit' 
i’'\iMiiiin!iiLs. 

nivakiii^ 
Wn-ht. \>rv 1, 
in ll<s. 

^ \Vi'i;:liL 

W-i-l.l. 

(.'"Hills. 

No. ! 

21 

20*10 

1 



11) 

*20-SI 




20 

•20‘21 



, 

10 

2101 




2).i 

^21-I! 

20-7*20 

•js-2); 

, No. 2 

22 

20-01 




21 

20*01 




is 

*20*1:1 



• 

20 

•20*:M 




21 

20-00 

•20"2*il 

10*04 

No. 3 

IS 

20 *01 




17 

1!) -sr. 

i 



21 

i!i*7r> 

! 



20 

20*12 

1 



22 

20*00 

20*00); 

110*00 

No. 1 

20 

■20*10 

1 

• 


20 

: 20*:n 

f 



is 

20*00 




21 

ll)*7.'l 




20 

1!)*S1 

lo-oill 

; 

50*00 


20-2 


1 20*21 

40*40 




t 


Thi.s is 

a very good yain.« The counts uro 

heavy rathei 

more than .' 

a count. 

The greatest 

variation in 

strenglli is in 


No. 3, iVoni 17 to 24 lbs. = 7 lbs., or 31 ])(;r cent of tlie aveiaj^e 


stienj'tb. Tlie greatest variatUai in weight i.s in Nos. 3 and 4, 
Iroiii lO’TO to 20*3] grains —’50 grains, or 2'7 jicr ccJit of tlie 
avci'jige weight. 
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SAMPLE Q 

(>0’s5 15137 turns, sjuiii IViuii liotiiiiy Merino Wool. 


N'ltlltln.U- nl' 

Itri'iikiti;; 

Wi'it'lil iK*i' l.-ii 
in Ills. 

1 Wri^lit 

jiilirniiis. 

Am'iiil;.' 

1 

(."limits. , . 

i 

No. 1 

]<; 






]7-2i 




1.5* 

iii'M 



; 1 

17 

17-UI 


i 

' 1 

1<> 

17'IK) 

17*010 1 

53-73 ^ : 

1- 

1 No. '> 

li> 

)(j-(!l • 


1 

j 

13 

Ki-.'i] 




17 





11 

17*10 i 




Hi 

Hi'Ol 

, JG-G'iS ' 

1 iio-03« 1 

No. 3 

M 

Ki-GU 


! ■ ! 


15 

lG-;il 




17 

lG-10 




1 17 

! • IG-Gl 




1*J 

; l(i-J.5 

Ui’liO 

GO-33 i 

1 No. ■! 

Hi 

17*14 


i 


1.5 

IG'Si 





HI'SO 


j 


17 

17-00 


1 


17 

17-11 

Ui-0.si 

53*33 1 


15*5 

1 


Hj'773 

50-03 


This is a lirst-class ^arn. Tlie counts are on tlie coarse side. 
Tlie ;.;r(!atest\ai'iatioii in strength is in No. 3, from 12jLo 17 lbs. 
--5 lbs., or 33 per cent of tlie average strength. Tlie greatest 
vaiiutiuii ill weight is in No. 1, from 16‘8-l to 17*2-1 grains^ 
■4 grains, or 2*4 per cent of the average weight. 
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SAMPLE H 

70’s Sinj^le, 17-93 turns, sjnin from Bot-auy Merino Wool. 


Niiirilii^r (if 
P>xi.i'rinictits. 

15i>-ukinn 
\V..i-bt |H'i l^a 
ill IUn. 

Wi'i>;ht. 
ai Uraiti.v. « 

Avi'nifiP 

(JcmiiU'. 

.N.). 1 

10 

M -r.s 




11 

If.-12 

9 « 



10 

11-03 




!t 

ir.-30 




1(1 

M-7;» 

]r93() 

GO 02 

Nn. o 

. 

(i 

* 13-12 




1) 

l.-j-s.f, 




n 

14-12 




10 

H-14 



• 

8 

13-80 

13-8G6 

72-11 

No. 3 

12 

M-21 




10 

11-3*; 




s 

13-88 




11 

11-11 




10 

11 -30 

11-211 

70-20 

^o. 1 

13 

11-34 




12 

11 -21 




0 

14-00 

« 



8 

14-12 




13 

15-18 

14-370 

09-58 


10 


14-354 

09-71 


• « 


Tliis is a lirst class yarn. Tlic coimts are ratlicr coarse. 
The greatest variation in tstrenglfi is in No. 2, from 0 to 11 lbs. 
= 5 lbs., or 50 2 >er cent of the average strength. The same 
variation occurs in No. 4, from 8 to 13 lbs. The greatest 
variation in weight is in No. 4, from 14-00 to 15-18 grains = 
1’18 grains, or 8 pej cent of the average weight. 
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SAMPLE I 

80’» Single, 18‘71 turns, s|iun iVom BoUny Merino Wool. 


Nimilii'i Ilf 
Kxyertttii'til.s. 

liii'ukiiij; 
Wi-inlil prr lea 
ill n>K. 

W(‘i>rlit. 

•11 (ii'aiii.s. 

Avi’in"!- 

Weight, 

(hmiils. 

N... 1 

8 

12-81 




11) . « 

’;j-J2 




1 1 

];i-oo 




!) 

12-.''.0 




10 

i;2-j4 

12-72() 

78-01 ■ 

No. 2 

8 

i;i-i2 ’ 




9 

i;{-4i 




10 

12-82 




10 

Kl-Ol 




<) 

18-40 

12 •152 

70-02 * 

N.>. ;i 

11 

12-42 




12 

12-02 




9 

12-75 




10 

i2-:n 




8 

12-21 

12-101 

80-2:3 

Nu. 4 

10 

12 




10 

12-52 




9> 

12-18 




10 

]2-5ti 




7 

12-84 

12-51() 

79-70 


O-fi 


12-720 

78-04 


This is a first-class yarn, "^hc counts ary coai'sy, and vary 
coiisidorafily between Nos. 2 and 3 = 4‘2 counts. Tli« grcatesL 
variation in strength is in No. 3, from 8 to 12 lbs. = 4 lbs., or 
41 per cent of the average strength. The greatest variation in 
weight is in No. 1, from 1214 to 13T2 grains=‘98 grains, or 
7 per cent of the average weight. 
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SAMPLE J 

'rwulold 30 'h, 1 I tut'tis, spun IVdiii Irisli and licicfstci- 
liotiiny Wool. 


♦ Nuiiil>er i)f 
Exiioi'illiciiU. 

lio’akiii;; 
VVci;;lit per loii 
ill Ills. 

Wi'i-liL 
ill (Jniiii.s. • ' 


('illlllt-S- 

^fo. 1 

MO 

GO '70 




Ml 

GG-.S2 

• t 



13S 

GO ’07 




1 l-J 

GG'03 1 



* 

1 10 

GG-82 

Gf}-788 

M'l)7 



• 1 



No. g 

Ml) 

GG-80 




107 

GG‘71 ' 




i;;:> 

GG-.M 




MO 

Gli-80 




11:'. 

GG-JO i 

GG-GIO 

l;V0U 

No. o 

Ml 

gg-7u 




138 

GGTiO 1 




MO 

GG-83 ; 




13(; 

GG-.'il I 




138 

GG-:>i 

GG-.57G 

15-02 

No. 1 

MU 

GG-21 ' 




Ml 

GG'oG ' 




1 oG 

GG'80 




112 

00-75 




MO 

GGfil 

GO'532 

15-03 


MO 

1 

GG-G-2G 

15-00 


This is a goc«l commercial y^rii, and tlie couiij-s are correct. 
Tlie gi'dUtcst variation in strength is in No. 2, from 135 to 
14G Ihs. = II lbs., or H per cent of the average .strength. The 
greatest variation i>i weight is in No. 2, from 06-2 to C6*8 
grains = *0 grains, or *0 per cent of the average weight. 
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SAMPLE K 


Twol'old 3(1’^, 13 lunis, spun I'rum Iriijli and LcicesU-r 
Botany Wool. 


NlUillirr of 
llxponnmiiU. 

Klimkin;; 
Wci^lit |)nr Ii'U 
ill Iks. 

, W. 4 . 1 , 1 , 

III (iiuilis. 

Avnrii;;e 

W.ii-t.U 

Coiinls. 

No. 1 

121 

r).''r0l 


' 


130 • ^ 

nr. *00 




12*2 

f»r>'2i 




121 

55*02 




121 

55:04 

.55*0(12 

]7*!*8 ’ 

No. 2 

12 s 

55*80 "* 




132 

55*70 




125 

55*24 




la? 

55*40 




iw 

.55*35 

.55*510 

18*00 

No. 

120 

55*40 




127 

55*33 




130 

•55*01 




131 

55*70 




122 

55*50 

55-.508 

18 *0(1 

No. 1 

124 

55*50 




120 

55*02 




12 '1* 

55*40 




130 

.55*43 




127 

55*70 

.55*530 

18*00 


12U'3 

- - . - 

_ 

55*537 

17 •09 


Tliis is u good yam. The gounts are correct. The greatest 
variation in strength is in No. 2, from 124 to 132 lbft = S I'bs., 
or ()'2 per cent of tlie average strength; tlie same variatioii 
occurs in No. 3, frojn 122 to 130 lljs. The greatest variation 
in weight is in No. 1, from 65*21.to 55*94 grains = 73 grains, 
or 1*3 per cent of the average weight. 
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CHAP. 


SAMPLE L 


TwoloM 40V, 14 turns, spun from Leicester Jiotany Wool. 


% NiimlxT of 

Wcifilil per le.i 
iti lbs. 

Wei-ht 
ill <!raiiis. • 

A\'eia^n 

Wni^lit. 

C< units. 

No. 1 

5)0 

50-25 




100 

50-14 




95 

49-7:l 




5)9 

50-00 



• 

100 

49-71 

49-9(10 

20-00 

_ 

No. 

95 

50-12 




98 

49-80 




100 

49-87 




90 

50-00 




100 

.50'] 4 

■19-980 

20-00 

No. a 

99 

.50-24 




100 

50-40 




100 

49-75 




91 

49-00 




95 

50-00 

50-008 

20 00 

No. 1 

94 

50-40 




95 

49-80 




95 

19-CO 

• 



100 

49-75 




88 

50-20 

49-950 

20-00 


98'0 


49*975 

20-00 


This is a fjrst-olass yarn. ^The counts are correct. Tlie 
greatest Tariation in sti'ength i.s in No. 4, from 88 to 100 Iba. 
= 12 lUs., or 12'r) per cent of the average strength. Tlie 
greatest variation in weight is in^No. 4, from 49‘6 to 50*4 
grains = *8 grains, or 1 ’6 per cent of the average weight. 
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SAMPLE M 

Twofold 40’s, 12'2 turns, spun from Lftioester Potany Wool. 


Nimilrf'i' (if 

UrwiliiiiK 

|X‘r lea 
in ll)H. 

in (.iraiiH. 

Av,‘raei‘ 

WriK'llt. 


Coittits. 

No. 1 

03 

r,o-M 



' 


or. ‘ ^ 

50-10 





100 

41f73 ■ 





92 

40-50 





00 

40-76 

40-004 


20-00 



»' .. . 



No. - 2 . 

0-1 

40-80 





or, 

4U7.'> 





oc 

50-12 





08 

50-15 





or. 

40-83 

40-080 


20-00 

No. 3 

00 

50-00 





07 

50-14 





09 

50-88 





00 

40-78 





05 

50-10 

,')0'07n 


20-OC 

No. 1 

00 

50-80 





100. 

40-75 





05 

40-il5 





or, 

50-18 





101 

40-87 

50-000 


20-00 


0(5-2 


19-976 


20-00 


... JL.. . . - 

* 

. . 1 .. 



Tliie is a fineL-dass yarn. Tlie counts are quite correct. The 
greatest variation in strength is in No. 1, from 90 to l(fO lbs.*= 
10 Ib.s., or iO-4 per cent of the aven^'c strength. The greatest 
variation in weight is in No. 1, from 49T) to bO-4 grains =-9 
grains, or 1*8 per cent of the average weight. 
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SAMPLE N 


Twftfold r)0’», 15’)^ turns, .s])un from Leict'Ster Botany Wool, 


Niuiibr^r of 
Kx|ii'riiiiciiU«. 

nnyikiTi^i 
\Vci;;lit |ii‘i lea 
ill llks. 

WriKht * 
in (iraiiis. 

Avfiraj;*! 

W.-iKhU 

(founts. 

.. 

No. 1 

70 

40-12 

40-00 

^ • 



71 

39-80 



. 

CA 

40-12 




63 

^‘lO'OO 

40-000 

26-r.o 

No. ‘J 

70 

3<»-84 




f>6 

39-90 




60 

39-76 



• 

6f. 

40-12 




68 

•10-21 

39-961 

26-00 

No. :! 

60 

40-12 




6S 

39-81 




70 

39-90 


■ 


70 

40-24 




66 

40-00 

40-014 

26-00 

No, \ 

66 

10-21 




70 

40-10 




7- 

40-14 




74 

40-30 




71 

39-75 

40-100 

24 -94 

1 

67-8 


40-019 

21 -98 

1 



* • 



A fii-8t*clas8 yarn. Tlic cffunts arc corrcct.*^ The greatest 
variation in strength is in No. 3, from GO to 70 lbs. = 10 lbs., 
or 14’7 per cent of the average strengtli. The greate.st variation 
in weiglit is in No. 4, from 31)'7r) to 40'3 grains = -55 grains, or 
1*3 i»er cent of tlie average weiglit. 
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SAMPLE 0 


TwofoM fiO’s, lO’O lunis, sjuiii iVoni J’oliiny Moiinu Wool, 


Nmnln'r nl' 

Un'akiii" 
'V«ri;s'l>l. |>"r lid 
ill Him. 

■ W.'ii.'ht 
ill Gniiii.s. 

Am'IK;;'' 

Wi'i-ht. 

Gotiiits. 

No. 1 

fjr, 





r.s' 

38-21 




r.) 

33-75 




57 

33-30 




.52 

33-22 ^ 

33-520 

•29-S3 

No. 2 

50 

33-11 




54 

32-80 




52 

32-01 




5S 

32-88 




50 

33-20 

32-998 

30-30 

No. ;i 

48 

33-20 




55 

33-12 




57 

33-40 




50 

32-81 




50 

32-75 

33-002 

30-21 

No. \ 

51 

33-15 




58, 

32-8f) 




58 

32-94 




50 

33-00 




■10 

32-91 

32-072 

30-32 


; .58-75 

, 

33-138 

30-17 


V 


Tliis is a‘-iirst-cla88 yarn. '^Tlic counts arc almost comet. 
The greatest variation in Rtrcn^ili is in No, 4, from 41) to 
68 lb.H. = 1) lbs., or 16’6 ]H!r cent of llie average str(‘ii!;;lli. The 
greatest variation in weight is in No. 1, fnnn 33'21 to 34'12 
grains- *91 grains, or 2 7 per cent of l.lie average weight. 
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SAMPLE P 


Ttt’ofuM 70’<;, 23-3 turns, spun from Kotiny Merino Wool. 


‘.Viiiiihfr I'f 

Ur<‘akiu^' 
VVfijclit, pto- Icii 
ill Uh. 

WVii'tit « 
in Oiains. 


Cinitits. 

No. 1 

-11 

28-02 




40 

28-32 

* 



40 

28T.3 




38 

28-34 




18 

•28-.'n 

t 

-28-464 

3.9*13 

Nu. 2 

40 

28-7'> 




11 

28-.W 




31) 

28-62 



« 

If) 

2X'4l 




n 

28*38 

28*.'’>1S 

3.9*03 

No. 3 

37 

28-88 




38 

28-62 




10 

28-31 




41 

28-35 




39 

*28-14 

28 *.".20 

35*06 

No. 4 

42 

28-77 




48 

28-82 

« 



47 

39 

28-r,fk 

28-62 




12 

28-.60 

28-6.'.2 

34-9] 


n-9f) 


28*946 

35*03 




t » 



Tliis is a first-class yarn, fl’lic counts are dorrect. The 
greatest variation in atrciigtli is in Ko. 1, from 38 to 48 lbs. 
= 10 lbs., or 23'8 per cent of the average strength. The 
greatest variation in weight is in No. 3, from 28‘3l to 28*88 
grains = *57 grains, or 2 per cent of the average weight. 





XIII 


STRENGTH AND TESTING OF YARNS 


J85 


SAMPLE Q 


Twofold 80’s, 28’8 turns, spun from llotany Merino Wool. 


Niiniber of 
Kxperimonts. 

Ilreakin;; 
Weij,4it twr lei 
ill lbs. 

JiVciKllt 
in iii'aiiia. 

A\’<‘raj;e 

W.-if'lit. 

Onuits. 

N<). 1 

40 

25*12 




118 ' ' 

* 24*88 




42 

2f90 




36 

25-10 




40 

25-00 

25*000 

40*00 

No. •' 

36 

38 

35 

25-00 

21-87 

24 -82 




10 

25-14 


• 


41 

24*90 

21 -OUi 

40*08 

No. 

35 

25*12 




40 

21 *80 




40 

24*95 




42 

24*90 




36 

25*20 

24-9!14 

40*00 

No. 4 

38 

24*80 




•10 

25*14 




■n • 

25*25 




i 34 

24-75 




35 

1 

24*88 

24*964 

40*05 


: 38*35 


24 -976 

40*03 


• 

• 




This is a first-class yarn. Che counts are correct, Tjje 
greatest variation in strength is in No. 3, from 35 to 4^ lbs. = 
7 lbs., or 18 per cent of the average strength. The greatest 
variation in weight is in No. 4, from 24*75 to 25*25 grains = 
*5 grains, or 2 per cent of the average weight. 
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In looking at the general results obtained from these 
experiments, we arc struek with tl>e great variation in the 
strength of the single yarns, ranging from 33 per ccMit in 
sample (} to 53 per cent in wimple B. The average varia¬ 
tion in the whole of the samples is 42'1 per cent. Tlic 
variation in counts is very much less, viz. from 2 j)cr cent 
in sample 1> to 8 per cent in sample H. AVhen eompaicd 
with the results of similar counts in single cotton yarns the 
worsted yarn.s arc very much more variable, since cotton 
yam varies in strength only from about 7 to 22 pei- c(!nt, 
while the variation in weight is fidin 2 to 10 j)ei' cent, 
which is very similar to worsted yarn. I'io doubt the gi-eat 
variation in the strength of the single worsted yarn as 
(^onifiarcd with cotton arises from the fact that the samples 
of single cotton yarn te.sted wcie all twist yarns and not 
weft, while the wor.sted yarns have mneh less pro[)Oi tionate 
twist, ami so correspond with widt yams. Wo. may also 
note that in most of the worsletl j ams, except tliose spun 
from the finc.st Botany, theii! is a mueli greater variation 
in the size and elasticity of the comj)oiient fibres, whicli 
cause.s the various parts of the thread to resist the toision 
unequally, and thus force the twist, even when regularly 
put in by the machine, to adjust itself unequally in the 
final equilibrium u hich tiikes jilace in the thread. 

When ICC examine tlie twofold yarns we find less varia¬ 
tion in the strength, but still more than we should have 
expected in twofold yarns. The variation is from G’2 per 
cent in sjunple K to 23-8 j)cr cent in sample F. The 
average vaiiation is 13'8 per cent, and we notice it in¬ 
creases as the counts become finer. The variation in counts 
is very small, only TG per cent on the average—varying 
from less than I per cent in sample J to 27 per cent in 
sample 0. When compared with the average strength of 
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similar twofokl cotton yarns tlio variation in sti'ongth is 
still more marked, but there is riot so great a ditievence as 
in the single yains. Twofold cotton yarns vary in strength 
from about 8 to 19 per cent, and in cojints from U per 
cent to about H per cent. 

Umloubtcdly the great cause of the ii‘r<^gularity in 
strength is the unevenness with which tin; twist is linall^’ 
distributed in the thread, and this is much gieater than 
any one who has not examined the subject would think 
))ossililc. Of course, as in the case of single cotton yarns, 
it is v(u-y diflicult to test the regularity in twist in single 
worsted yarns, because, if we tjiko any letigth to toi^t 
beyond a f(iw inches which cover tjio length of tin* staple, 
the yarn will not sustain itself until the twist is determim'd. 
We can, however, easily see the great variation by a casual 
examination of the yain with a small magnifying glass, 
and then our wonder is not that the yarn is so irregular in 
strength, but that it is not even more so than our exjieri- 
meiits prove. 

To det<;rmine the regularity in twist in twofold yarns is 
a comparatively easy matter, and in doing so the same 
machine was used as was employed in testing the cotton 
yarns, and the testifig was done under sijnilar conditions, 5 
inches being tsikcn as the standard in the second column, 
and 1 inch in the fourth column. The same letters also 
were used in the twofold samjdes which denote the same 
sample when the yarn is tested for strength, so that any 
further compavisons which majr bo i’C({nircd may be easil}^ 
made from the data which the experiments furnish. 'Thus, 
sample J in the twofold, tested for twist, is tlie sumo yarn 
as sample J whicl» was tested for strength and regularity 
of counts in the former tables. 

Those tables might have been very much extended by 
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giving those founded upon experiments made with other 
counts and classes of yarn. This would have much ex¬ 
tended the work, and for our present purpose it is best to 
confine it to tlie i;ange of yarns whicli are mostly in use in 
Ih-adfonl ami the neighbourhood. The experiments, how¬ 
ever, extended over a much wider range, and exhibitcil 
some very interesting results. For example, it was found 
that in low slack-twisted carpet "yarns the variation from 
the theoretical twist was ot) the average not greater th<an 
in some of tlie finer yarns—a j-esult which was hardly 
anticipated j also the variation was* not so great in slack- 
twisted as in hard-twisted yai’ns, because in the slack-twisted 
yarns the strain put up(ju tlie component fibres was less, so 
that in the final equilibrium the twist is more evenly dis¬ 
tributed thi'oiighout the length of the thread. 
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SAMPLE J 

Twofold no’s, 11 turns, spun from Irisli and Leiceslcr 
l^otuiiy Wool. 


Nmnbci' of 

Twist lakcii 

AvG^^^,'l‘ Twint 

Twi.sL taken 

Avenijifi Twist 

hlNpcriitioiits 

5 Inchr's 

|i«r IiigIi. 

Inch ljy Jneb. 

jiiT Inch. 

_ 


• 



No. 1 

■10 





so 


10 



60 . 


9 



&■’ 


8 




10-28 

11 

10-60 

No. 

so 


M 



54 

• 

12 



42 


10 



.M 

10-76 

9 

10-40 

ho. 3 

4S 


S 



46 


■ 15 



52 


10 



.54 


12 



49 

!)-06 

9 

10-80 

No, 4 

68 


9 



44 


16 



49 


11 



66. 


10 



42 

9*116 

10 

11-20 


_ 

10-2-1 

_ 

10*75 


The greatest vafiation fn twist taken S inches together occurs 
in No. 1 thread, from 40 to 60^ turns 20 turns, or nearly 40 
per cent of the average nunilMjl^. The greatest variatkin wlftn 
taken inch by inch is in No. 1 thread, from 8 to 15 turns = 7 
turns, or 6 «'i per cent of the average number. The same 
variation also occurs in No. 2, from 7 to 14 turns; and in No. 
4, from 9 to 16 turns. 
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SAMPL^ 

,,, f ,, ... , vfruiii Irish anil Leicester 

Twcifold 36’s, 13 turns, spun 

‘ ISotimy W""'- 


j« 'if I 

jl'JxiH'iiiiii'iiUi 


1 1 



No- 3 


Twist, lakcii 
Ti IiioIh'S 
toL'fthfr. 


jipv !iidi. '• 


Twist lak.'U ! 
Iiicli by liii'li. j 


t;o 

6 H 

.^2 

(>1 

tiO 


til 

68 


! 


121(i 


60 

61 

61 

f<8 

f .7 

18 


12-OS 


11-61 


i 


) 


18 
. 9 
11 
18 
12 

11 

11 

16 

ir. 

10 

10 

15 

It 

11 

11 


j No. 1 


66 

61 

r >8 

60 


1 


12-00 


10 
8 
. 9 
,13 
'1 


11 -98 


Twist 
j(pr I iicli. 


1-2-60 


12-60 


12-10 

10-SO 
12 -! 


The greatest variatiuii in twist Uiken 5 inc jaigethcr occurs 

iil'No. I thread, from 52 to 08 turn.s 10 pcTceut 

. , M'l • f occurs in No. 3, 

of the average ntinibcr. Jiie siime vaiiation 
» ^ . ,p, - .st variation when 

frtmi 48 to 04 turns =10 turns. Ihe greate 

. 1 . , , . 1 • X' 1 *i 1 f^oin 1) to 18 turns 

taken incli hy inch occurs in No. 1 tlireuu, Jr 

= 0 turns, or 74 per cent of the average numbr^' 
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SAMPLE L 

'Pwofold 40’i>, 14 tiu'iis, spun tVoiii fA'iccsIer llotany Woo], 


Niimlii'f i>f 

Twist, liikeii 
[■> liiclii's 

Av'-nitiC Twist 

Twist lakrii 

Avi'i'aci) T\vi*t 

KxiH'i'init'tils. 

• inT Tm-ti, 

Iticli l>y lix'l). 

I'l'i-1 tit'll. 

No. 1 

(ill 


12 

* 


7l» • 


11 



G2 


!l 



()ii 


I<1 



7.S 

16'96 

1 1 

16'00 • 

No. 2 

80 

' • 

11 



74 


10 



tif) 


IS 



(10 


1.') 



(lit 

M'16 

10 

]2-S<T 


1)8 


,8 



llO 


ir. 



(14 


12 



(17 


12 



72 

16-48 

16 

12-00 

N.). 4 

69 


ir. 



74 


10 



7« 


l.'^ 



68 


14 



66 

14 -20 

16 

11 -00 





12-9.7 


The greatest vanaiioii in twist when taken 5 inches together 
occurs in No. 1 thread, fimn ^2 to 78 ttirn.s = 16 tiy ns, o» 23 
per cent of tlie average nuinhev. Tlie greatest variation when 
taken inch by inch is in No. 2, from 10 to 18 turns = 8 turns, or 
61 per cent of the average number. 
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SAMPLE M 

Twcfold 40’», n-i turns, spun I'ruin LdccsU'i- liutany Wool. 


■ «Viiiiil)i‘r of 
^IC.viR'ritiifiits 

i 

1 

I 'IVist takoti 

1 

[ 

! Averaf;** Tivis 

1 l«u' Incli. 

1 ’I’wi.st (akt-n 

I Iiifli 6y 1 tit’ll. 

Avti’a}?! TwiKt 
lif‘r Inch. 

I 

^ No. 1 

1 60 


t 11 

i ■■■■ 1 

' 

! r>o 

1 

1 . 12 

1 


03 


0 


i , 


' 

■ M 



:>8 

11-It 

1 n 

11-10 

' No. 2 

00 


-18 



03 


18 



f.2 


10 



•18 


11 



f>6 

11-40 

8 

11-00 i 

No. 3 

60 


1~ 



r>r, 


7 


1 

;><! 


11 i 


■ 

f.O 


14 ! 


1 

r..s 

1 1 -rrj 

10 i 

11-10 i 

No. -1 1 

70 

" 

■ 16 ■ 1 

■■ “ i 


^ * 

; 

18 

1 


66 ! 

.0.1 ! 

i 

& i 

18 ! 

1 

1 

— .| 

r>5 

12-68 

0 1 

1.1-20 



11 -76 


11-25 


The greatest variation in lltejjinn.ber of turns taken 5 inehes 
together i* in No. 3, fro.n 50 to 69 turns = 19 turn.,, or 32 per ' 
cent of the average nnn.her of turns. The greatest variation 
wlien taken .neh hy inch is in No. .3 thread, from 7 to 14 turns 
- 7 turns, or 62 per cent of the average number. 
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SAMPLE N 

TwofoM 50’s, IT)-3 turns, spun from IjeiA'ster Kolany Wtiol. 


NiiniltHi' tif 

Twisl taken 

5 hii'lieK 
t'lKiitiier. 

Avrm^o Twist 

Ttti^t tnkcti 

Avi’i'.icft Tw^st 

Kx|M.-[iiin'nts. 

• per liieli. 

liicli Oy liK'ti. 

per Inch. 

' 

No. 1 

qr. 


14 



• 


IG 



70 


12 



68 


18 



74 

11-00 

10 

14-00 . 

. 

No. 2 

77 

• 

-20 



7.''. 


13 



60 


. 17 



78 


16 



74 

14-.56 

12 

15-f» 

No. 3 



11 



75 


18 



7-5 


20 



78 


10 



68 

MOt 

21 

IG-OO 

No. 4 

80 


13 



82 


16 



7J 


15 



70 


11 




15-00 

_ 

M-40 



14-40 


15-00 


The grea^st variation in tw^st taken 6 inches together is in No. 
3 thrciid, from 56 to 78 turns = 23 turns, or 32 per oent of^the 
average number. The greatest variation wlien taken inch by inch 
occurs in No. 3 thread, from 10 to 21 turns = 11 turn.s, or 73 per 
cent of the average number. 
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SAMPLE 0 

Twol’oM ]!)■>) turns, spun from Botany ^[cI'in^) Wool. 


cif 

Twisi liikt'ii 

.'"i Iiictics 

Avmio- Twist 

Twi.st, (iikcti 

.Vvciajic Twist, 

KxiHfiiiictils. 

|HT Inch. 

liicli hy Iticli, 

)H’t Iticli. 

X„M 

75 


10 



!»U 





lUO 


17 



08 


20 



102 

l.S-60 

16 

lli-lO 

No. 2 

8U 

V 

24 



Ofi 


21 



100 


Mi 



100 


17 



06 

lS-8t 

11 

17-20 

No. ;i 

102 


25 



01 


28 



lor. 


18 



ss 


18 



100 

lO’.'ii! 

14 

20-6() 

Nn. -1 

101 


1.5 



100 


21 



80 





88 


-8 



or> 

10-04 

20 

2:3-00 



10 01 


i9-;{0 


Tlie srreatest variation in mimber of turns wlien taken 5 indies 
to"V;ther ip in No. 1 tlircail, from 75 to 102 turns27 turns, or 
28 per cent of the average number. The greatest ^'ariation wlien 
taken inch by inch is in No. 8, from 14 to 28 turns - 14 turns, 
or 72 per cent of tlic average number. 
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SAMPLE P 


Twofold 70’s, 2d'3 turn*:', i^|nin I'loiii lloiany Mci iiio Wool. 


NiiiiiIm’I' III' 

'I'lvihl- l.iikeii 

.'l liii-lics 

Avera-’t- T\vi^l 

Twisl, l.akf'ii 

Avciaiio 

K\i>('riiiii‘ii(s. 

^ per lll<•^l. 

JiM-h Oy liK'li. 

[Iff Iin li,» 

No. 1 

101 

100 


20 

24 

• 


12:3* • 


14 



lo.-i 


20 



120 

22-00 

18 

10-20 

N<.. 2 

]2r. 


21 



100 


27 



IM 


21 



118 


22 



128 

2:3-'10 

18 

21-lU 

No. .3 

1:30 


10 



128 


80 



117 


2;') 



111 


24 



122 

2T32 

20 

21 -80 

No. 1 

10:3 


18 



118 


2,'. 



100 


20 



90 


28 



101 

20-84 

17 

21-05 


■ 

22-tM 


21-5.5 


• • 


Tliu yi’eatcst variatfon in twir^t wlien taken 5 inches together is 
ill !No. 2 thread, from 100 to l28 limis = 28 turns, or ^5 jiereent 
of tlie average number. Tlie greatest variation when taken iucli 
by inch is in No. 3 thread, from 10 to 30 turns = 20 turns, or 95 
per cent of the average. 
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SAMPLE Q 

'I’wofold 80^, r turns, .spun Troni ){ot;iny Morino AVool. 


Nllttllir’i' <ir 
K^iJPi'iitiftils. 

Twist tak«n 

I> liidu's 
ti>xotln‘r. 

Avoitico Twi.st 
1>IT Inch. 

Twist tiiki'ii 
Inch by liicli. 

.. 

Avci-.ij;c 'I'wist 
l)er Incli. 

■ 

Noi 1 

m 

.... 

20 



130 


32 



148 


29 



128 


35 


• 

140 

28-24 

24 

28-00 

No. 2 

150 


25 



166 


22 



170 


29 



122 


33 



13.5 

20-72 

26 

27-00 

No. 

158 


34 



166 


26 



162 


38 



130 


30 



121 

29-72 

25 

30-60 

No. 4 

14“ 


27 



125 


22 



135 


34 



l.>8 

130 

27-80 

22 

28-00 

. 


28-84 


28-40 


Tluf greatest variation in twist when tdken 5 inclies together 
occurs in No. 2 thread, from 122‘to 170 turn3= 48'turns, or 33 
per cent of the average number. When taken inch by inch the 
greatest variation is in No. 1 thread, from 20 to 35 turns = 15 
turns, or 53 per cent of the average number. 
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In looking at the general results of these experiments 
we are struck with the great irregularity in twist, even 
wlicn the tests are m.'ule in 5 inches, since they vary from 
23 per cent in sample L to 40 per cent in sample J, the 
average variation in all tlic samples taken together being 
30 per cent of the average twist per inch. This is con 
siderably greater than in cotton yarns, where in similar 
counts of twofold yawis the average variation i.s (Ally 
about 181 per’cent, with an extreme variation of from 11 
to 26 j)cr cent. When we come to the tests taken ku-h by 
inch in these wrfrsted samples, wc find the variation far 
greater—so great, in<leetl, as to excite our utmost astonish¬ 
ment, and especially when we recollect that all these yarns 
are ijy first-class spinners aii’?! high-class yarns. The 
extreme variation is from 53 per cent in sample (^, to 95 
per cent in sample P, and the average of all the tests 
gives 69‘4 percent. At the bead of each test I have'giveti 
the number of turns of twist which was aimed at by the 
spinners, and it will be noticed that in every case except 
the last the theoretical twist is in excess of the actual, 
showing the loss from the slip of the band on tire wharf 
of the spindle. In the case of cotton yarns, the average 
variation in tw/st, n'hen taken inch by inch, is about 38 
per cent, which is only rather more than half that in 
worsted, and the extreme variation from 23 to 50 per cent. 
Any irregularity in the single yarn seriously affects the 
twist in twofold, hec&use the thick place presenting great 
resistance ^to tonsio?* throws the twist into the thinner part 
of the thread, and wo. may readily learn from t^his that it 
requires good single yarn to make good twofold. Ail the 
experiments—and those given in the foregoing pages are 
only samples of a considerably larger number takou both 
from fly, cap, and ring spinning and doubling—go to show 
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that by fai the greatest cause of variation, both in strength 
and twist, arises from the variation in the raw material 
itself. Tlio greatest cure .should he exercised in the sorting 
of the wool if first-class results arc to be obtained, so as to 
secure uniformity in the qnalit 3 ^ of the fibres to be used, 
because there is a singular tendem^y in worsted spinning 
for the thick fibres to associate with thick oms, and fine 
onOs with fine, and the presence of these in tlic thread in¬ 
creases tlie (liflicnlty of regularity in drawing and regularity 
in the putting in of tlic twist, or, at any rate, in the 
(;;i])a(;ity of the thread to retain the taist in a regular 
manner, even if put in hy perfect machinery. The law of 
averages gives wontlerfiil results when taken over a series, 
but at ju'csent the author i.s of opinion tliat the jx'ib'ction 
in spinning is in excess of the perfection in pr<!paiiiig the 
filnes for spinning, and decidedly in advance of the present 
state of perfection in the raw materi.i) which we liave to 
use. This opens a wide tiehl for further scientific sheep 
culture. 



CHAPTER XIV 

THEOirV OF UVEINO AND COLOUR 

So far the «tructift-e tlie wool fibre lias been consideroil 
l)Oth ineclianieally and cbcniically, without any direct 
rej^ai’d to its relation to eoloui-ing matter. 'I’he wool fibre 
is built up of a series of cells, wiiieh are arranged so as to 
secur’c lightness and strength, and encloscal within an 
epidermal sheath of .similarly constituted cells, which are 
fiatteneil out into more or less horny scales, arranged on 
the surface of the fibre in such a manner as to allow of the 
most perfect' freedom of flexure iii the fibre itself, while 
tliey present a series of rcflecling surfaces wliich in the 
lustre wools attain an almost metallic hrightness. 'J'hc 
chemical composition of wool is the same as that of the 
horny tissues generally, and consists of a series of more 
or less <listinct albuminoid bodies, the v. hole of which are 
considered by some chemists to be rejiresente<] by a definite 
chemical comj)ouu<l, Keratin, having the formula 
Nj,SO|v It lias'^bcen seen that a great variation exists in 
the. mechanical structure of^ fibres, not only taken from 
different races of sheep and different Hocks, Jmt also 
from different parts of the same sheep; also how these 
mechanical differences in the structure and magnitude of 
the wool fibre affect its use in the manufacture of yarn 
and goods, and also the irregularities whid) these variations 
399 
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have intrqjiluced into the different classes of yarn. It is 
now ncccssiiry to go a step farther and inquire how far these 
diflereiices, when taken along with the chemical composition ' 
of the wool, affect its use in the manufacturing process. 

H. CJtemmlli/. *• 

It must be remembered that there is a distinct difference 
between the relation which the chemical .structure of the* 
fibre bears to its mechanical structure, and that which 
both these qualities taken togctlicr bear lo the external 
chemKal treatment to which it may l)c subjecte<l in the 
proces.s of manufacture. While tho uHimatc analyses of 
different wool fibres seem to imlieatc that there are varia¬ 
tions in the chemical composition which arc co-extensive 
with mechaniciil variations, they do not indicate the exact . 
position ill the structure where tlicsc variation.s occur in the 
same way that the microscope reveals mechanical ditfci'cnccs. 

C/eU-CoutentS.—Along with the matter which actually 
forms tlio structural part of the wool—that i.s, the various 
cell-walls and their enclosing membranes—there arc always 
a mimlier of cell-contents, luliricating oils and fats, and 
mineral constituents, including cndochrome, which, while 
they are not the wool itself, are so associated that they 
must be considered along w'ith it; and as they vary 
from time to time, and in different woofs, will also vary 
the reaction which the fibres will have with chemical 
reagents, whether the latter are dyeing materials or not. 

In the manufacture of textile fabrics, eiicept in the case 
of the very coiirsest materials, the e'loment of colour and '* 
tht process of dyeing play a*vcry important part, and no 
consideration of the technical relations of the wool fibre 
would be complete M’ithout some consideratiori of that, 
which it bears to the various colouring matters am| 
dye-stuffs to which it has to be subjected. 
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Just as there lias been no attempt in any way to deal 
with the mechanical processes which are necessary in 
spinning and weaving the wool fibre, so the work will not 
describe the actual process of dyeing; but look at the eff(?ct 
which is p!'odncc<l when the proccs# is finished, and 
emleavonr to ascertain what has been the actual change 
which has been produced, and the mechanical as well ;is 
the chemical manner in* which the colouring matter afid 
fibre are nnitedr 

Inertness of Cotton. —When looking at the relation 
of the cotton iibrt* to*colonring matter, and indeed to all 
chemical changes, it was seen that cellulose was rcmai'kably 
inert, so much so that its properties were almost best 
defined as a series of negative •f-esidts. The exact com- 
nosition of cellulose, of which thei’c arc many varieties, is 
r.oi yet determined, and the term must therefoi'e be taken 
to represent a group of closely allied bodies rather tluiii a 
single chemical comjionnd. Generally it may be defined 
as a sacchai’acolloidal carbolij’drate having the general 
(‘omj)Osition N((yf,,|0,.), of which the typical constitutional 
unit or group may be formulated ns 

0 

Ctr. CHOH . GH . CflOlI. CHOll . ('II., 

r 

an expression whi<;h fairly generalises its reactions.' 

In the cotton fibre, which is never etitircly pure cellulose, 

' TlioqMj’s hii-timtrii of Applieil Vhmistry^ ji. 4.'>5, . Longnions, 
L(.ik1oii. 190;.. 
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and always contains sonio unchanged protoplasm, which is 
always the same either in plants or animals, reactions may 
occur as a result of these and the mineral constituents, 
which, unless carefully difiTerontiated, might be attributed 
to the cellulose j^roup. When the cellulose is pure, its 
action with chemical reagents, with the exception of very 
strong acids and alkalies, is almost ?u7, and when it is 
necessary to j)roduce permanent colours upon it, or better 
still within it, this can only bo accomplisned l)y a series 
of secondary reactions in which the celbdose plays so 
unimportant a chemical part, that oiai.y chemists are of 
opinion that its action is as strictly meclianical as if the 
cOcton fibre was a glass tul)e. This tlieory, which was 
strongly advocated by Mr. W. (hum, F.R.S., regards the 
colouring matters ])!oduced on cotton as simply an 
enUinglement of the colouring matter within the successive 
envelope walls of the cotton fibre, in which the latter oidy 
serves the part of a containing vessel l)y holding the 
colouring matter within it. The autlior dillers from tliis 
theory, as there are reasons for believing that, while this 
i.s true in regard to some classes of colouring matter, it is 
certainly not so in regard to others. It has been pointed 
out that, while pure cellulose is one of. the most inert of 
bodies, it is ncv()r fouml in a perfectly pure state in the 
cottons of commerce, but alw'ays associated with oils, oil}’ 
waxes, and unclianged cell-contents, and with more or less 
mineral constituents in the form of metallic salts, which 
have an affinity for other cheniical reagents and a distinct 
re^tioii jvitii them. Recent researches have only confirmed 
this opinion, while those of. Prof. Witz in France, and 
Messrs. Cross and Bevan ^ in this country, have shown 
how the cellulose molecule may be modified by oxidation 
^ Jinnml ik'cktij of i'hemical Inilustnj, No. 4, vol. iii. p. 206, 
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and rendered capable of an affinity for various colouring 
matters which it did not possess before. , 

Activity of Wool. —Animal fibres difler entirely from 
.vegetable fibres in their chemical character, as not only in 
the former is the molecule very much mpre complicated, 
but it possesses direct affinities for various other bodies, both 
coloured and colourless. It is only to be expected that 
with a more complicated molecule, the greater will be 
'its range of alSnities, because it offers, from its greater 
atomic heterogeneity, more points of attack in* the 
presence of other Suhftances, and so many more links in 
the atomic chain where attachments may be formed. Even 
this, however, does not explain the much greater readiness 
with which animal fibres unite wi?b colouring matter; and 
there seems to be, from the very mechanical structure of 
the fibres, a greater adaptability to receive and retain.the 
dyes which render wool better fitted than cotton for the 
reception of colour, for, after all, the power to reflect 
colour is dependent upon a mechanical arrangement of the 
molecular surface of the coloured body. This structure 
is too minute to examine even with the best microsc(.])ical 
power at command, but just as the molecular structure 
determines the na^re of the system of rays which can be 
reflected from it, so the nature of the rays reflected enables 
us to gain some little insight into the nature of the surface 
.from which they emanated, and whether that surface is 
uniform in its structure or not. 

Cause of J3olour.— Strangp as it may appear, there is 
really no such thing as colour as an attribute Mf any 
substance. The sense of colour is entirely derived from 
the nature of the undulations of the all - pervading 
luminiferous ether which are returned from the surface of 
the hpdy to the eye, and it is there alone that the colour 
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sense is manifest. It lias merely a subjective existence, 
and is due to ^hc triple constitution of nerves within tlic 
retina. Outside the eye the wliolc universe is dark, and 
wluit produces the sense of colour is only an undulation in 
the ether, in \y.hich the length of the undulating wave 
determines the s])ecific character of the colours, and the 
amplitude of tlie wave the intensity. Undulations in the 
same etlicr, which give no sensal*ion of light wlicn falling 
upon the eye, arc thrown ofl' from the surface of the body 
along^ with the luminous undulations, and all these arc so 
mingled together that they sluule" in^o each other, ami 
some eyes which possess a greater range of sensibility can 
see the form of bodies which are almost invisible to others. 
When the eyes fail tfiere is tlie <lisccrning j>ower of 
chemically prej)arcd surfaces, wliich fur exceed in range 
the. nervous surface of the retina, and the faint impressions 
wliich are fi.xed can be cbcmicully built up till they will 
throw off undulations disccrnihle hy the eyes, so that now 
it i.s po.ssihlo to photograph appearances invisible to the 
ordinary senses. The author has taken photographs of 
objects in total darkness to the eye. The longer and 
slower undulations—that is to say, slower in the .sense of 
a fewer number occurring in a second-pf time—give only 
the impression of a faint dull re<l, and as they increase in 
immliei- the colour changes through brighter red to orange, 
yellow, green, blue, indigo, and finally violet, which in its 
most attenuated form marks the extreme limit of the 
sensihility.of the eye to the jnost rapidly uml^dating waves. 
\V.lnle ^speaking of slow and rapidly undulating waves in 
the ethereal medium, it must bo roincinbered that these 
terms arc only relative. The slowest wave wliich will 
affect the eye undulates 392,000,000,000,000 times in a 
single second, and this gives the sensation of the faintest 
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red, while the freijucncy of the extreni^ violet undula¬ 
tions at the other end of the range of seiisihiliiy is 
757,000,000,000,000 per second. The mean length of 
these undulations is only about of an inch. 

Between those limits there is an iiiflefiiiito variety of 
integral and fractional numbers, each of wliich represents 
the frc<iuency of a particular kind of radiation—a particular 
kind or colour of light-^so that there are as many kititls 
of colour pos8il)Ie as there are possible kinds of radiation 
between these limits, and in all sober truth, tlicrefort, tlic 
number of actual ct>loiti's is almost inlinitc. Fiom physic.il 
ciiuscs connected with the nature of the atmosphere of the 
sun and earth, many of these intermediate radiations ale 
extinguished, and hence there ^re many colours which 
cannot be seen by daylight, and which arc present in the 
light coming from other incandescent bodies, such as the 
oxyliydrogen, limelight, or the electric arc, and hence the 
peculiar cflect jiroduced on the eye when coloured bodies 
are seen with these lights. If the liglit under which a 
body is .seen only jiossesscs in it one set of undulating rays, 
or is a onc*coloured light—monocliromatic, as it is termed 
--then all bodies, however varied in coloui' when seen in 
ordinary daylighj^ cease to have any distinction except 
being darker or lighter varieties of tlie same shuilc. Take 
a box of coloured silk ribixms, the more varied in colour 
under ordinary conditions the better, or a set of samples 
of highly-colour^ walT-papers, or a dyer’s most varied 
shade card, ^nd illuminate them solely with the light of 
an alcohol Hame in which common salt has been dissolytd, 
and, though the form of the objects remains, the colour is 
all gone except a sort of yellowish grey. It is imixissible 
to tell red from blue, or yellow from green. Ail colours 
except black and white seem very simila'r, and a painting 



4o6 


WOOL FIBRE 


CHAP. 


or coloured desjgn looks like an Indian-ink sketch on a 
yellowish paper. The appearance of colour on all bodies 
depends upon two circumstances and not one. It depends 
upon the nature of the surface of the body in regard to 
its molecular structure being such that when white light, 
which is really a mixture of all wave-lengtlis, falls upon 
it, it shall suppress all undulations but those of one definite 
wave-length, and return these alcne to the eye, and then 
there is a pure monochromatic colour. But it also depends 
upon'the nature of the light which falls upon the reflecting 
surface, because if rays of the wave-lengvhs whicli it is best 
fitted to return to the eye are aKsent, or few in number, 
the colour will bo dim and unsatisfactory. Hence many 
fabrics which when dycu look beautiful in daylight are 
anything but beautiful in gaslight. If it is wished to see 
perfectly pure monochromatic colours, it is necessary to 
look at the band of light which is produced by passing 
the rays from an electric light through a prism. In pass¬ 
ing through the prism the rays are bent or refracted, and 
this refraction sorts the rays out into their wave-lengths 
in a definite or<ler, producing the brilliant-coloured band 
known as the “spectrum.” 

Composition of Colour. —Wc h{^);e already named 
these primary colours in their order, from the red to the 
violet, but between each definite colour the eye detects, 
at any rate in the brightest part of the si>ectrum, some¬ 
thing like transitional colours—lialf shades intermediate 
between those which are perfectly definite ^and distjnet 
Thoy may be classed as follows:— 
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ANALYSIS OF THK 

Sl'KCTl^UM 

Deliiiitc, Shiules. 

Half Sliades. 

Red. 

. .Oi\inge-rc(l. 
..Keddisli or.uige. 

Orange. 

« 


..Orange-yellow. 
..Yellowish orange. 

Yellow. 



..Orecniali yellow. 
..Yellowish green. 

(Ireeii. 

..Hluish green. 

. .(Jreenish hlue. 

Blue. 

.. Ultraniariue. 

Indigo. 

..bluG-violel. 

Violet. 



If all except a single part of the spcctium is tiit off, 
these half sha^les become less distinct to the eye, ))ecause 
in the continuous spectrum they are intensitied by the 
proximity of the two distinct colours on each side of them, 
but they arc still visible, and the narrower the part of the 
spectrum which observed the more distinctive the colour, 
which shows that although intermediate they are mono¬ 
chromatic. These intermediate colours may be got in 
another way. The eye is not a perfect instrument, and 
indeed if it \v^re iribre sensitive and discriminating it 
wpuld ser^e its ordinary purpose less efficiently, and so it 
is possible to produce, by the action of a seyics of in¬ 
dependent wave-systems upon the retina, effects which,» 
although they differ in the method in wliich they are 
produced, are identical in the results so far as the sense 
of vision is concerned. For example, take a picco of 
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grecnish-bl\ie glass, and the light transmitted through it 
will appear U) the eye identical with the monochromatic 
light of the ray?s which form the half shade between tlie 
green and blue, and nearest to the latter; but if analysed 
through a prism, ilri.s seen that the cau.se of the sensation 
is entirely diirerent. The half shade of the siuiie tint was 
in the spectrum purely luunochromatic, and if again sent 
thf ough a prism would be equally *efractod ; but the same 
apparent colour from the coloured glass, when analysed 
with atjn ism, is formed into a short and imperfect spectr um, 
consisting of green, blue, and yello\/ light, with perhaps 
several other colour’s mote or Ic.ss faintly nquesented, and 
sonretiines witli cotrsiderahle gap.s between the colour’s, 
showing tlrat they arc ■‘produced by distinctive wavc- 
system.s. Many of the best dyed colours arc of this 
character. They ap[)ear to the eye rnorioehronrutic, but 
are I'cally irot so. The dyed surface is not, tlicrefore, 
homog(!neons, but the molecule.^ are ai iatrgeil so that they 
throw off sevei’Jil sy.stems of ray.s whose total effect has the 
same I’csult on the serrso nerves as if they were itrono- 
chr’omatic; arrd since it is found that many such mixtur es 
may produce the same ajipai’cntly simple smisation, it 
shows tlijit there is a considerable latituclj^ allowed in the 
molecvdar structure of the rcllecting surface.? withor\t injur¬ 
ing the results. If it were not for this, the processes of 
dyeing would be still more difficirlt than they are, and far 
more uncesrtain. 

When pnr.suiitg these investigations, Jhc autlror 
examined the surfaces of a largo number of dyed fabrics 
. with a powerful direct-vision spectroscope, and found that 
a number of colours which appeared alnrost similar to the 
eye diHei’cd very considerably in tho nature of the spectrum 
which the reflected light y ielded. As an example of these, 
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a range of aniline sha<les dyed upon camlets may be taken, 
which gave the following results 

(Colour to tlic Eye. Nature ol' Spcelnmi. 


1. Light slate colour...More or less conliiinoiis .spectrum, with 

baiuls of red, bhu* and green. 

2. Dark slate.Similar spectrum, luft willi exleiiKion 

of green into blue. 

3. Bright orange.Short red spcclrinn, with e.xlciision 

fiito the yellow and green. 

1. Scarlet.Bright continuous red ami ytdlow sjm-c- 

triim, with sliglit extension in/o llie 
, ^ green, 

T). I'iHierald green.(.'oulimnnis yellow, green, ami blue spec¬ 

trum about e(iual. 

6. Sage green.lied, yellow, and green sjH^clrum, the 

yellow being the longest. 

7. Light blue.Short spectrum, yellow and green, with 

short extension into tlie blue. 

Dark blue.Short blue spectrum, witli extension 

into the green and yellow. 

J). Violet.Short red s]iectrum, with yellow 

omitted hut ((Xtemling into green 
and blue. 


In making tlie.se observations great care requires to be 
taken to exclude all light except that which is directly 
returned from t^e surface of the faliric, because at many 
angles with the spcctroscoiie there is a certain amount of 
white light retiocted from the surface of the fabrics, and 
this masks the true reflection from the dyed fibres, and 
gives a more oHess eftntinnons sjiectnini, in which all the 
cojours are^represented. The author found, also, tliat two 
colours on similar fabrics wfiich to the eye appeared almost 
identical gave a different spectrum when (ixamined with. 
the spectroscope. Thus, two pieces of similar cotton, one 
of which was dyed turkey red and the other an aniline 
red, but which were not distinguishable by the eye, wore 
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quite distinct in the spectrum. The turkey red gave a 
much shorter and more distinct red spectrum, which in the 
case of the anianc was extended much further into the 
yellow and green. 

Analysis of Colour. —The author was particularly 
struck with the fact that as a rule the aniline colours give 
a longer and more continuous spectrum than those derived 
from other sources. Thus, the spe-ctrum reflected fr(»m the 
surface of an aniline blue of the same shade as another 
cloth dyed with indigo seems to be of a greater length. 
This may, j>crhaps, account for the greater brightness and 
brilliancy of the aniline colours, since the retina of the eye 
is 'afl'ected by a wider range of vibrations, and in that 
respect the action is a n^^arer approach to that of white 
light. The difference is the same as between a solo and 
a ciiorus in music—the solo corresponding to the mono- 
chroriiatic spectrum, and the chorus to the effect prcnluced 
by the system of different degrees of refrangibility. Those 
who are acquainted with recent chemical researches know 
tliat the examination of al)so?ption spectra of saline and 
organic litpiids, first by Gladstone, and afterwards by 
Bunsen and Russell, as well as by Hartley for the ulti-a* 
violet and Abney and Festing for the,, infra-red region, 
have leil to interesting results in regard to molecular 
clicmistry. Hartley found that in some of the aromatic 
compounds definite absorption bands in the more re¬ 
frangible region are only produced by substances in which 
three pairs of carbon atoms are doubly Hnko^, as in the 
benrseno group; while Abney and Festing found that the 
radical of an organic body is always represented by certain 
well-marked absorption bands, differing, however, in position 
according as it is linked with hydrogen, a halogen, or with 
carbon, oxygen, or nitrogen. Indeed, it is not improbable 
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that by this method of examination the hypothetical position 
of any Ijydrogcn, which is replaced, may Re identified, and 
this result lias been rendereil all the morc^ probable by the 
recent researches of Perkin on the connection between the 
constitution and optical properties of chtmical compounds. 

An equally interesting field of obscrvalion is opened up 
by the exaniinatioa with the spectroscope of the various 
dyes when in a state of solution, when we have a wonderful 
scries of ditferlJnces in the absorption baiuks, a study which 
some day may throw much light on the character,of the 
molecular structwe tf the colouring matters themselves. 
In this ca.se, the rays which are transmitted through the 
dyes are examined, instead of those rcllcctcd from <rho 
surface. 

The best method of producing these artificial colours 
upon different textile materials constitutes the art or 
science of dyeing, and the most remarkable fact* upon 
which the process of dyeing depends, is the degree of 
facility with which various fibres, and especially those of 
animal origin, receive and retain the various colouring 
mattor.s. Prom what has been seen regarding the nature 
of light, it follows that all dyeing processes are simply the 
production of such a moleciifer condition on or within the 
surface of the fibres, that they will return certain Imninons 
wave-lengths to the eye and supjiress or destroy others, 
till we have the effect so Ijcautifully described in one of 
Tennyson’s “ Idylls (A the King,” in which thtv mother of 
Enid brought * 

“ A suit of bright apparel, which she Jaid 
Flat on the couch, and spoke exultiiigly— 

‘See here, my child, how fresh the colours look,— 

How fast they liold,—like colours of a shell 
That keeps the wear and polisli oPtlie wave.’ ” 
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Perfect dyeing must have those two attributes: ckAirnes^ 
of ('olour, like the colour 2 >ro(hiced hy dillVa(^tioii from thin 
transparent filing or closely i-uiod lines, as in a ditlraction 
grating; and jternianencc, so that the colours will remain 
fixed under all the conditions to which the falmcs arc 
likely to be exjmsed in the uses to whicli they will 
be put. 

Theory of Dyeing. —The nilwinile or theoiy why and 
how this desired reflecting surface is o))taincd hy what we 
term the fixation of various colours upon libres or fabrics, 
is a matter of ilispute and doubt even to the greatest 
authoritie.s on these (|UCstions; and there is evidently a 
<lit)crcnt solution to be given to the problems in the case 
of animal fil)rcs, such as .vool or silk, as compared with 
cotton or any vcgetJiblc fil>rc. Thi.s has been more fully 
treated in the work on the structure of the cijtton fibre, to 
which the reader is referre<l.’ There are really three 
thcoric.s which have been jmt forward. 

(1) The Chemical Theory. —That the fixation of the 
colouring matter, however produced, is accompli.shed by an 
affinity or attraction between the colouring matter and the 
fil)rcs in the .same manner, but diflering in degree from the 
ordinary chemical combination which occurs between un¬ 
like cliemical hodic.s in wliich colour is produced. 

(:i) The Physico-Chemical Theory.- That the fixation 
of colour does not depend entirely mwii any cheniicjil 
affitiity wl'ich may pertain botweeii the 'fibres and tlie 
colouring matter, but also upon the mechanical structuje’ 
of tke fib^-cs or fabric, which by absorption within the 
structure of these, fixes the colour and forms a reflocting 
surface, tlie fixity depending on the nature of the colouring 

' Bowman, •‘^/rndure, of the Colton Fibre, p. 387, Macmillan & Co., 
Ltd., J.on(Ion, 1008. 



XIV 


THeIrY of dyeing and COLOUll 


413 


matters themselves as well as on the Ucgrcc ol mechanical 
stability within the structure. 

(3) The Mechanical Theory.- ThAi. there k no 
chemical relation or reaction between the Hhrcs or fabrics 
ami the colouring matter, but that th® layci-s or walls of 
the fibres simply form so many successive envelopes within 
which coloured pigments are (lejmsited, and that the coloui' 
is entirely dej>en(lerit upon the nalure of tliese pigmelits 
themselves, wRich form the reflecting surface, and the 
p(!rmancne.y upon the degree of mechanical slyibling 
which the strncWure«of the fibre or fabric yields to tlie 
pigment. 

Another theory—the Solution Theory—luus been pro¬ 
posed by Dr. Otto Witt as an e^jilanation of the dyeing of 
direct cotton colours, hut he also applies it to all suhstanrive 
dye-stufls. This tlieory assumes that any fibres dyed with 
a purely substantive colour arc a solid solution of tlfc dyo- 
stufl’. The great diHieulty, however, is the fact that an 
alteration in the cheniic.‘il compo.sition of a fibre usually 
iriHiienccs its affinity fbr dye.s, and thus supplies evidence 
in favour of the chemical theory. 

The authors opinion is decidedly in favour of the 
.second of thcsc^tlicorie.% and he would give it tlic veiy 
widest inter[trebUion, so that in it: two extremeg there 
may be on the one hand cases where tlie affinity between 
the colouring matter and the fibres exercises a most im¬ 
portant part bfith in*the production and fixation of the 
colour; wj^ile on the other hand there arc a large seiies 
of cases where, from the nature of the colbugng matter 
employed, they must exercise far more of the character 
of simple pigments, in which the affinities of the fibre 
are subordinated to their mechanical structure. 

Modern rcsearcli is indeed contimfiilly narrowing the 
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dividing lino between all the different branches .into 
which scientific knowledge has hitherto been classed, and 
to consider all changes which matter undergoes, and the 
means by which these changes arc effected, as purely 
physical, and that both arc subject to the same laws of 
mass and <lynamics, modified oidy by the distances at. 
which they act, the nature of the conditions, and stability 
of 'their motions. 'J’hese laws mint necessarily bo varied, 
when it is remembered that in the great mtijority of cases 
both the substajice to be dyed and the dyeing materials are 
put under conditions in regard to temperature and moisture, 
as well as one of them being in solution, which are 
eminently favouraldc to determine change in each, and 
that care has always to bj t«ikcn to prevent the physical 
properties of the material to be dyed, such as strength and 
flexibility and lustre, being in any way altered, and there¬ 
fore that this mechanical texture must act both in regard 
to capillary action and molecular entanglement upon the 
dyeing solution, exactly the same as if it was only a fluid 
possessing the same physical properties. This theory is 
probably the one wdiicli is now the most universally 
accepted, and which may be .said in most cases to give the 
most rational explanation of the jdienoraena, and will 
account for the action of both simple and complex dyes. 

It must not, of course, be understood that in any case 
the reaction between the fibre and that of the colouring 
matter, even when speaking of their having a chemical 
affinit}', is of the same order and dcgi*ee as that, 
between oxygen and potassium. The whole reaction is 
much feebler, and chemists have not yet been able to 
detect, except in a few cases, any exact and definite 
proportions in which the combination takes place, and, 
until this is proved, it can scarcely be said that the 
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dyeing of fibres is in any ease *a strictly chemfcal opera¬ 
tion, and yet in the case both of wool* and silk it is 
not certainly strictly mcchanic«al. Speakiri^ on this point 
M. Schutzenberger, in his work on dyeing, says! “The 
cause of the absorption of coloiuing matter by wool does 
not reside simply, as might be thought* in the porous 
structure of the fibre, analogous to that of animal char¬ 
coal, for all the nitrog^nised substances of the class of 
albuminoid protein compounds show the same character 
in a greater or less degree. Coagulated albnniiy, for 
example, approaches lemarkably near to wool in respect 
of its powers of dyeing. It has been sought to explain 
the attraction whicli silk and wool have for .soluble colours 
by supposing that these substwees contain a peculiar 
organic mordant Evidently it is the fibre itself whicli 
plays the jiart of a mordant It combines chemically with 
the colour, since it causes it to lose one of its cliaracteTs, its 
solubility. From this combination a true lake re.sults, 
differing from the ordinary lakes in so far as the metallic 
oxide is replaced by an organic substance.”' The question 
of the lakes is a difficult one, because it is by no means 
yet certain that any of the lakes even whicli have a metallic 
oxide for their bases are themselves true chemical com¬ 
pounds, especially the lakes which are of most importance, 
such as those formed with alumina, iron, and tin. 

While the whole question is still involved in considerable 
doubt, so far as actual ^roof is concerned, there ^an be no 
question that in many^cases there are instances of undoubted 
chemical combination, and if must always be 1-emembefed 
that all wool fibres have always associated with them, as 
an integral part of their structure, a certain amount of 
metallic salts in the form of inorganic constituents, and 
’ TraiU di Matures ColorantfSy vol. i? p. 1 P 2 . 



4 i6 


WOOL FIBRE 


CHAP. 


even very small quantities'of these diffused through tlie cell- 
walls may act' the (lart of mordants to the colouring 
matter, so as Ito fix and render them insoluble. Those 
who object to this theory, on the ground that these 
metallic salts are so small in (juantity, must remember 
the e.vijuisite s<Jnsibility of many of the colour tests of 
the various metals, such as iron with potassic ferrocyanide, 
Aidicre the blue colour is produco<J, .and visible to the eye, 
even when the dilution is enormously great. Wo may 
therefore expect to find both chemical and mechanical 
reactions. p , 

Chevreul's Theorics.—This is really the theory of 
djicing which was advanced by M, (hcvreul, who believes 
that the matter which «‘>lours fibre is fixed in the fibre 
in three difierent ways:— 

(1) }ly chemical affinity. 

{^1} By simjde mixture with the fibres. 

(.3) By being in l)oth states at once. 

By the latter shitement he means not that the same 
matter is in both states at once, Imt that the colour 
of the fibre is dm; partly to the union of the fibre with 
the colour chemically, and partly to the presence of the 
same colouring matter in a state of mechanical mixture 
with the material forming the fibre cells.' 

iVohably, indeed, no general theory of ilyeing can be 
formed which will inchidc all wises and all classes of fibre 
until thepe is a much wider knowlolgo, bused upon careful 
experimental research in many indivhlual cases, and which 
alcftic can form the basis for a'ny extended generalisation. 

It must he also remembered that in every dyeing 
process the results are dependent upon two functions and 
not one,—there is the fibre to be dyed, l)ut there is also the • 
dye to dye it, and the n.aturo and action cf this dyeing 
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material, whether it is derived fftim' mineral, ve*etalilc, or 
animal sources, or produced artificially, cannot lie left out 
of account when studying the phenomena., As tlicsc dye¬ 
stuffs dift'er in their origin they ,also differ in their character, 
and their classification may be based therefore upon various 
methods, depending upon the standpoint ffom which they 
arc viewed, as, for instance, their origin, in which case they 
may be divided into two jirincipal groups' . 

1. Natural ^yes, which are mostly the products of 
organic life, such as coloured vegetable infusions aii^l ex¬ 
tracts. These do pot,^however, usually exist in the plants 
,as coloured bodies, but as potential colouring matter, or 
chromo'gcns, as they have been termed, because they must 
undergo a process of fermentatiop and oxidation in order 
to become coloured, as in the notable case of indigo. 

2. Artificial dyes, which are the products of chemical 
.synthesis, such as most of the coal-tar priHlncts, and wdiich, 
as the science of organic chemistry becomes more fully 
known, seem destineil to supersede all the others' as in the 
case of artificial indigoand alizarine, which havesulistantially 
replaced natural indigo and madder. 

Viewed in relation to their action, Bancroft, in ids TrmtiiF 
on PemMimU Colmr, written at the beginning of the last 
century, divided tllem also into two flacses. 

1. Substantive dyes, or those dyes wldcli will dye the 
fibre directly and without tlio intervention of any mordant 
or fixing agent, ^ich i|^ indigo extract, chrysoplpenin, or 
benzopurpurin, • 

A^eclSve dyes, whicl» will only dye tiie fibres wiRn 
they are treated or mordanted with a metallic salt or oxfde, 
which, when added to the dyeing fiath or where the fibres 
have Been previously treated with it, fix the colour upon 
and within the fibres in a permanent form. For example, 

2e 
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logwood,•alizarine, cochidcal, and fustic, which when used 
along with iron, alumina, cliromium, tin, etc., produce 
intensely coloured lakes within the substance of the fibres 
tliat aie quite fixo<l and permanent. 

In some cases the dye-stuff only yields one class of 
colour, whatever mordant may bo used, whereas others 
yield a series of colours whore different mordants are 
employed. 'Ihc former class, ^amongst which may be 
named magenta, orchil, indigo, etc., have been termed mono- 
or aptogenetic dyes; while the latter, which arc mostly 
adjective dyes, like those named above, Imve been termed 
polygcnotic. Tiiis is the classification adopted by llumrnel 
iy his work on the Ihjnwj of Textile Fabrics (p. 147). 

A third method of classification may also be adopted 
whicli is neither based upon the origin jior constitution of tlie 
dyeing materials, but upon their method of action-- that is 
to say, tlie means or metho<l which has to be employed to 
bring tiiom into union with the fibres. 

1. Acid dyes. 

2. Jkisic or tannin dyes. 

3. Substantive or direct cotton dyes. 

4. Mordant dyes. 

f). Vat dyes. 

G. Dyes formed or developed on the fibre. 

7. Sulphide dyes. 

It has already been seen that so far as cotton is con¬ 
cerned its relation to any dyc-stufl[s is much more passive 
than that of either wool or silk, ;md that most of the 
dyeing opomtions are condiwted in a neuti^al or alkaline 
and not an acid bath. In tlieir relation to cotton, dyes 
may l>e said to l)e of three kinds :— 

1. Those which arc coloured in themselves, and which 
may he termed. simple dyes, having a direct affinity for *' 



XIV THEORY OF DYEING AND COLOUR 419 

tho fihro without tho intervention of a monlanf, such as 
turmeric yellow, and the whole series of firtificial direct 
dyes, such as Congo, benzadinc, diamine, et(V, dyes. 

2. Those which arc true chemical precipitates formed 
within the walls of the fibre, in which the^ction of the fibre 
seems to bo purely mechanical, of which *snch coloui's as 
Prussian blue, indigo blue, etc., and chrome yellow are 
examples. 

3. Those whore a moixlant is necessary, and the colour 
is not produced by tho simple union of the fibre wilii the 
colouring matter, i^.)r I 4 )' the formation of lakes within the 
meshes of tho fibre, but by the union of the mordant with 
the fibre and the reaction of the mordanted fibre and the 
dyeing material, of which tlie inQpt important are Tiirkey 
re<l, several catechu dyes, and in a secondary degr'ce 
l>g\vood black and all tho tatinin dyes. 

A similar sulHlivision of the colouring matters oht^iiiis 
in the case of wool, the acid colours being the most 
imi>ortant examples of class 1 , indigo being the rejiro- 
sontutivo of class 2 , ami the alizarine colours, of which 
there is now a very extensive variety, are representatives 
of the third clasi?. 

A class of colours is also now largely used which seem 
to illustrate, in the*mctho(l of applicj^tion to the wool fibre, 
a combination of the reactions of classes 1 and 3. These 
are known as the After-chrome colours. There are also the 
Meta-chrome colours, iu> which mordaiits and dyc-stufl' are 
applied in one operation. 

Although &iese threefold Aethods of action of the d^c- 
stufTs in relation to the materials to bo dyed seem to 
indicate considerable dilfcrences in tho method of operation, 
still, a careful examination of tho nature of tho classified 
dyc-stuifs seems to indicate that the mutual relations of the 
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members* of each class, in regard to the fibres and to 
themselves, (k^pend more upon a single ju'operty held by 
them in comfiion than upon their actual composition. 
This jippears to be their acid or basic qualities, or, in 
cases where lx)tl|, as resulting from the composition of the 
dye-stuff, are ptesent, upon the relative balance of the two. 

General Relation of Dyeingf Materials.— Thus all 
ifhc acid dyes, whatever may h(\ the specific character of 
their acid properties, ami from whatever acid <lerive(l, 
behave in legard to the fibres to which they arc applied 
in a similar manner, because the a?id property is generally 
due to the presence of sulplm, nitro, and hydroxyl groups 
'v\ their conii)osition, of which the last are usually the most 
active, and their action tseems to indicate only difTcrcnces 
in degree and not in kind. 

In the same way all Ixisic dyc-stufls, whether azo 
<;onlpoumIs such as chrysoidine, or triphenylmethane 
derivatives such as magenta, as a consequence of one or 
more amido groups which arc present in o.ach, and upon 
which their basic action depomls, exhibit more or less the 
same pigmentary character. 

Ail the substantive dyes indeed, in this rolatioh, 
contain more or less basic and acid groups in their; 
composition, and .are, thus able to reac^ without the aid of 
a mordant u|>on any fibre or other material which contains 
in itself either of these properties; and in their relation to 
the dyeing of cotton it is quite ejear tfiat it is the basic 
constituents in the dyes which reffet with the hydroxyl 
gl'oups^in* the cellulose. With regard to Wton dyeing, 
the same renjark also applies to adjective or mordant dyes, 
in which the reaction evidently not only depends ujmnth'e / 
acid character of the hydroxyl groiips, but also upon the. 
nature and arrangement of the groups themselves within • 
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the cellulose molecule. If thil w;is not the ‘case, the 
cai)acity of a dye for iixuig with mord;tiits would be 
increased and not diminished by the presence of strongly 
acid sulpho groups. 

' With these general remarks it is ]iow {jossible to 
consider the general principles of the relatibn between the 
dyeing process and (he mechanical structure of the fibres 
to be dyed. 

Process of •Dyeing. —Whatever the natui c of the 
fabric to be dyed, or of the dye-stutf to be use«li the 
universal practice 4S W present the dyeing materials to 
the fibre or fabric dissolved in water or other menstruum, 
either cold or hot. The dyeing process arises fi'oin the 
absorption of the dyeing niateriiil in solution into the 
substance of the filu’o. 

From whatever cause this action arises' the absorj)tion 
always proceeds in one manner, viz. the dye is absdl’bcd 
more i'a]>idly at first, and gradually diminislics until a 
point is reached where no more will be witlidrawn from 
the solution, however long the material to be dyed is 
rehiined in the l)ath. This action may be represented 
graphically by means of a curve drawn upon a chart, in 
which one dimension represents time, and the other the 
quantity or percentage of material# withdrawn from the 
solutiofi. This curve diflecp for every matciial, and 
generally for every class of dyo-stulF. In most cases the 
absorbent action 4s inot'cased by raising* the ten^perature 
of the dye-bath up* to the boiling point. There .are 
cases in which, if the quaiftity of dye is sinall^ in ^ 0 - 
^rtion to the quantity of material to be dyed, the 
whole of the colouring matter will be extracted from the 
solution. . As a rule, however, a portion of the dye always 
remains in the bath. 
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Tlierc'is a point, ho\^evcr, reached, in the case of all 
fibres, in wliicifa maximum of cfiect is attained, and beyond 
which no fnit^ier absorption takes place; and it must bo 
specially noted that the first portions of the dye, which 
are absorbed the most rapidly, are always the most 
permanent and Vixed, on and within the fibres, which seems 
to indicate that in some way tlie power to absorb decreases 
the longer it is exercised, as if either the affinities become 
siiturated or some other mechanical change occurs which 
hind<; 4 ‘S the absorption by filling up the pores. It is found 
also that all fibres absorb relatively ,moBe dye in proportion 
from dilute than concentrated solutions, and that under 
these circumstances the attachment of the dye to the fibre 
is more fixed. Whenever dye-stuff has been absorbed by a 
fibre it can never be again entirely removed by washing 
with cold or hot water, oven if the dye is completely 
soluble in water, which shows that the dye, although it 
has undergone no change in chemical composition, has in 
some manner changed in regard to the solvent by its 
absorption into the texture of the fibre. That the charac¬ 
teristics of the dye within the fibre are unchanged can be 
proved by the reaction being with other bodies exactly the 
same as possessetl by the dye-stuff itself with the same 
bodies outside the fi|)re. Thus dyes*'coutaining a free 
amido group can be diazotised on and within the fibre, and 
converted into more complex azo dyes by coupling with 
phenols ^ind amiros; and very dark dyeings with magenta, 
methyl violet, and similar dyes wifi bronze exactly the 
same as oi>tside the fibre. 'Kie dyed fibre fiehaves in all 
respects like a salt of the dye-stuff. 

It has also been found that where more than one 
dyeing material is used in treating a fibre or fabric the 
absorption exercised in the case of one is quite independent 
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of the othcj*s, or of the order in* which they may bo made 
to come into actioiij so that since tlieir'action is quite 
separate it is immaterial wliethcr they a^’c made to act 
successively or at one and the same time. Caro rflust aiso 
be biken that they are not of such a c[|iaracter tliat they 
react with each other, and so either form a^iew combiinition, 
which is soluble in the solution, in which case the now 
substance would act iriilependently, or cause a precipitate, 
when they would l)C removed out of the solution and 
so entirely cease to act. There may, it is triK^, be a 
difference in the sbirng element between them, hut in any 
case it is necessary that the material to be dyed shall 
remain in the solution sufficiently long to enable equilibrium 
to bo established in regard to distribution of the dye 
between tlio fibre and the dyeing solution. 

Gcorgievics (i'hemkal Tecknohxjy, 1902, p. 132) suggests 
that this relation between the definite .absorprton of 
the fibre and the quantity of dye absorbed in relation 
to the quantity remaining in the dye-hath, after the 
saturation of the fibre by the dye is complete, points to 
a general law, according to which our dyeing processes 
should 1)C conducted. 

Law of Distribution.— In regard to this lie remarks 
as follows 

“ This behaviour of dye-stuffs in dyeing must be based 
on some definite law, which may bo ascertained by the 
quantitative examination of the distribution,of a dye 
between the fibre atid the bath. 

“By determining how ffmch dye has bee» taken \f[) by 
the fibre, and how much is left in the bath, and calculating, 
from these data, what quantities of dye are contained in 
equal weights of the fibre and the bath liquor, we obtain 
two values which may bo expressed as C/ (fibres) and Cb 
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(batii).' The (quotient is termed the coefficient 

of distribution, vind its dimensions depend on tlie nature 
of the dye-stuff, and fibre, the temperature of the dyeing 
process,'.irid the concentration of the bath liquor in relation 
to the aimuint of fibre treated. The rule is, that the 
coefficient of distfibution slowly sinks as the concentration 
of the bath increases. If this diminution of the coefficient 
bc«actually quite uniform, then, foj* mathematical reasons, 


the 


expression 


^/CA 

Vo/. 


must possess a constant value 


independent of the concentration. This is, in fact, actually 
tlic case ill two instances, viz. the dyeing of silk with 
inefigo carniiiio at boiling heat, and the dyeing of mercerised 
cotton with methylono blu6 in the cold. 

“ A\'hen it is considered how varied are the circumstances 
and factors coming into play in these two dyeings, and 
that a gradual rediicLion in the coefficient of distribution 
is also noticed in numerous other instances, there will be 
no liesiLation in according the above expression the 
ilignity of a law, which, however, for reasons which cannot 
he argued out in detail here, only applies in its full extent 
to light medium colours. The aforesaid jicculiarities of 
the dyeing process find their precise njathematical ex¬ 
pression in the formula, 




Oh 


K, which is a constant. 


“This is the law gf distribution, amffrom this it will he 
seen 4hat the wuluc of the root ft’gn x affords a measure of 
the affinity of the dye for the fibre, and naturally varies 
for difl’erent dyeings, being greater in proportion as . the 
affinity of tho dye-stuff’ for the fibre increases. 

“From this law.follows' the practically important fact, . 
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that the absori)tion oi the djM?, Specially those llmt arc not 
taken up readily, U primarily (iejieudentf on the volume 
of the bath liquor. It would, therefore, l>p more correct to 
apportion tlie weight of the dye hikcn to the v<»lunio of 
the Iwth liquor, and not, as is usually the practice, to the 
weight of the goods to be dyed.” 

Although this law luidoubteilly holds good in some 
cases, there are a nunjber of cases in whicli it does not 
express the relation, and it cannot therefore be taken us of 
universal application. 

For i>oifect <Veiijg, in addition to the proportion of 
the dyeing matcnals being correctly co-ordinated to the 
material to be dyed, it is also essential that the matejial 
shall possess tlio necessary receptivity, and that it sliall he 
prepared in such a manner that this quality sliall be placed 
ill the best condition to receive tlio dyeing material. The 
means by which this can be acconqdisiied yiust tlicreforc 
receive attention. 

Receptivity of Wool—In the case of wool there arc 
a much greater numher of substances whicli .seem to have 
a direct atlinity for the fibre than in the case of cotton, 
hcciiuse the composition of the wool itself consists of a scries 
of albuminoid bodies, all of whicli combine very readily 
with colouj'ing tnatters, and the,power of the fibre to 
absorb tliesc, especially when properly cleared from all fatty 
matter, is very great, arising partly from its chemical and 
partly frbm its mechanical structure. This is anjmportant 
matter, because befdi’c it is possible to dye any fibre there 
must bo some means of infrodiicing the dye-stuff int^tho 
interior of the filwc. When speaking on this point in 
the work' on the cotton filire,* it was pointed out.how 

^ Bowman, The QjI/vh ISbre in its Helaiim to Technical Apiikaiiont, • 
p.‘410, Mamillaii and Co., Loudon, 1908. * 
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important tliscovery was* the power of ilialysis which is 
possessed both by Vegetal^le and animal membranes, and 
there is no <loni)t but that tliese hiws play an imprtant 
part in the absorbent power of the cell-walls in the wool 
fil)re, and thus enable chemical reagents to bo introduced 
within the ftbro^ walls. Indeed, this appears to bo the 
only solution which can be given, because the author 
fontid that perfectly washed wool, when placed in solutions 
which contain both “crystalloids” and ‘^colloids,” will 
absorb,the foimcr in far larger quantities than the latter, 
and thus render the process of njorcUnting, which is 
usually accomplished by some metallic salt which is a 
cry.stalloid, much easier than it woiihl otherwise be. 

Penetration of Dyes.#— No materials are suitable for 
dyoG except those which arc soluble in cither water or 
spirits. If the coloured bodies are insoluble they may 
be used as pigment?, but not as dyes, because whatever 
may be the nature of the process l)y means of which the 
reagents are introduced into the fibres, it is quite clear 
that the state of division mast be so small that the 
molecules can pass through the openings in the cell-walls, 
and it is impossible to conceive of any mere mechanical 
division, even though this is obtained by chemical precipita¬ 
tion, as being small enough to enable this to be accomplished. 
Such a molecular state wouM only be available to give a 
surface coloration by entanglement within the mechanical 
structure pf the fibre, and could thyefore bo removed by 
mechanical means alone. The relafion of the various 
dyeing materials to the wool •fibre, so far as their union 
with it as permanent tinctorial agents is concerned, is 
similar to that of dyeing materials to cotton, except that 
there is a considerably larger number of these substances 
available in the ease of wool, and that the majority of 
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these ])eIong to a difteront clas9 troiu those wliitirare most 
largely used in cotton dyeing. 

In looking at tho three classes of reactions with dyc-stufis, 
given on p. 418, it was noticed that in the case «f cotton, 
as might ])0 expected from its chemically inert character, 
by far the largest niimhor of dyeing jn'occsscs depended 
upon tho reactions included in the third or mechanic;\l 
theory, and many in ^lo second, while with the excei)i-ion 
of such a dye as turmeric yellow very few Wlongcd to 
the first. The aniline dyes, wliich in relation Jo wool 
belong to the lir^ giyup, in their relation to cotton formerly 
belonged to the third, since they could not be fixed upon 
cotton until the yarn had first been mordanted with some 
such substjincc as tannic acid^ although now mordanting 
of cotton is being largely superseded ]>y the use of (feet 
dyes of synthetical origin, which places them in the first 
group. , . 

Even in the dyeing of wool, no very definito lines 
of demarcation exist between these various classes of 
dyeing material, because they seem to shade into each 
other l)y slow gradations. 

It may, however, be generally stated that in relation to 
wool most of its reactions favour the first or chemical 
theory of dyoinl;, inasmuch as thg djes mostly used enter 
into chemical union and may be regarded as chemical 
compounds analogous to salts, in which tho fibre acts 
sometimes as ofi aci j and sometimes a^ a base, in tho same 
way as such bodied as alumina and stannous oxide behave 
towards strong acids or bases. So, too, in relation to the 
acid and basic coal-tar colours, wool absorbs from 5ach of 
them, from concentrated solutions, a maximum amount 
of colouring mattef which have more or less simple 
molecular relations to each other. Xhe same conclusion 
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may also be drawn from tie fact that w'hon wool ia dyed 
in a solution of I.ydtocldovide of rosaniliue (magenta) tlje 
hydrochloride imdergoes decomposition, and, while the 
rosaniliue^ forms with the wool fibre an insoluble coloured 
compound, the whole of the acid remains unchanged in 
solution. * ' 

So also Hummel ’ states in regard to certain colouring 
matters of a marked acid character,,,such as the snlphonic 
acid azo colours, that the wool plays the paa-t of a base. 
Since i^, cannot decompose the alkali salts of these azo 
colours, it will not dye with them uidc,ss t^io colour acid is 
liberated by the addition of a mineral acid to the dyc-bath, 
amlj^if the fi'ec colour acid is of a difleront colour from its 
alkali salt, the dyed wool t^kes the colour of the salt and 
not tJic acid, which shows the basic action of the fibre and 
its union with the colour acid. 

Thesw reactj(()ns also indicate that, so far as wool is 
concerned, a classification of dyes may ho made bused upon 
tlicir basic or acid properties, and tliis division, based upon 
chemical properties, ilhistratesccrtain fundamental principles 
ill regard to dyeing. Alizarin and rosaniliue, mentioned,, ■ 
above, may be taken as two types of these diflerent reactions, 
since tliey require to be combined with two substances of 
a diflerent character if ^Jiey are to form 'stable coloured 
compounds. The alizarin-red results from the union of 
alizarin with alumina, which is alkaline, and magenta from 
the union of^rosanilino with hydrochlorv^ acid The alumina . 
and other mehillic oxides act as mordants to the alizarin, 
and the miuoKil or oi’ganic acidfe, sucli as hydrochloric or 
tannic acid, act as mordants with the basic dyes. 

Cotton Dyeing. —It was noticed when treating of the, , 
dyeing of cotton that the structure of^tho fibre and its , 
' Tlioi'po’s Diclmianj, vol i. y. 702. 
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chemical character rendered it*paHiciilarly sinjalUe for the 
Use of mineral dj^es, which from their viry nature have a 
very permanent chai'acter, such as JVussian l)lne, chrome, 
yellow, or manganese l)rown, etc., which are merely chemical 
precipitates, diftering in no respect from those which wc 
throwdown in the glass vessels in our hiP)«ratorics, entangled 
within the cell meshes of the fibre; :md tluit, when it 
became necessary to pro<lucc great permanence and brilligincy 
of colour, aiiitl to use those dyes which were oiiginally 
obtained from vegetable sources, such as madder reds, 
formerly used ijj the production of the famous tiirkoy-rcd 
colour, it became necessary to produce au artificial 
surface within the cell-walls to receive the colour, because 
it is impossible to dye the cotton fibre with it, so that tho 
cotton fibre became simply a case or envelope to shiel|l tho 
artificially pre])ared and dyed surface. 

One notable exception occurs in the case of indigp, which 
is a colour of vegetable origin, and which is more permanent 
upon cotton than upon wool, but a microsc<ipical c.vamina- 
tion of the itidigo-dyed cotton fibres showed that the 
method, in which the colouring matter was united with the 
fibre clearly indicated that in the case of this dye, although 
of vegetable origin, it always acts in the same way as 
tho mineral dfes—tlie union being far more mechanical 
than chemical, 5nd the colouring matter being thrown down 
from the colourless indigo by the action of the oxygen, and 
mechanicaHy t^tangjed in the fibre meshes in the same way 
as the mineral precipitates. 

It"musl be remarked, Jiowever, tluit thcap mirieraj dyes 
have now no place in cotton dyeing, excepf perhaps in 
regard to chrome yellow, as they are now almost entirely 
displaced by direfct •rlyes, which give full shades without 
any mordant. These are generally prQpared by diazotising 
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the bases ard combining the products with amines or their 
sulphonic acids. t.Thjse are reijrcsented by a whole series 
which yield almost any colour, such as Congo, Benzadino, 
Diamene <lycs, etc. 

Wool Dyeing. —Wool, on the contrary, has a great 
affinity for those colouring matters which are derived from 
the vegetable kingdom, and many of them play by far 
the, largest part in all those dyeing processes where 
permanence of colour is required, and in modern dyeing 
the synthetic substitutes for these are used along with or 
without a mordant. ^ 

Wool appears to have a direct affinity, whatever this 
arises from, for the following colouring matters, and will 
extract them from their solutions without the use of any 
monlarit, viz. all the aniline dyes, picric acid, indigo ex¬ 
tract, cudbear, archil, and to it smaller extent those derived 
from tl'c red woods such as brazil-wood, etc., and the 
yellow woods such as fustic. 

In all these cases, although the wool will absorb and fix 
the colouring matter from the solutions, it will not do so 
equally in all parts of the fibre unless the very greatest 
care has been taken to secure that the wool is thoroughly 
cleansed from all mechanical and chemical impurities, and 
indeed it lias been forced^upon the author’s‘attention, while 
experimenting in the laboratory, how absolutely essential 
the preparatory processes before dyeing really are, and the 
greatest success will ^.always attend thqsc dyers who make 
the thorough cleansing of the yarn or wool a matter of 
first importance. Time after ti^mo the author has seen 
defects in goods which he believes arose entirely from want 
of sufficient preparation, so that the dye-stuffs, whether 
requiring a mordant or not, coid<l not either be evenly or 
permanently fixed, and were either removed or partially 
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discharged in the finishing of the* goods. Th^ fhads the 
author to call attention once more to the grjat care necessary 
in the washing of the wool before spinning, and even lioforo 
that to the necessity of using only such sVeji w'jshes and 
salves as will not injuriously affect the wool in after¬ 
chemical processes, because the u.so these, and bad 
soaps, adulterated with all manner of unknown substances, 
are sure to interfere with the perfect dyeing of the wool, 
and can often jiever be entirely removed by the dyer. 

Arsenic in Wool.— Hero it may be noticed that arsenic 
always occurs in^xssociation with wool even in the natural 
state, and this it is afmo.it impossible to entirely remove, as 
it evidently is a portion of its mineral strnctiiro. Although 
very widely diffused in nature, the arsenic in wool is 
generally derived from the dips which are used as,pro- 
tectives against parasites and into the compo.sition of which 
arsenic largely enters, and its use is not onjy not 
detrimental to the health of the sheep but distinctly 
beneficial. It is true the amount is small, and no doubt a 
large portion, which is only mechanically associated, is 
removeil by washing; but Thorpe gives the following as 
the result of analysis:— 


Arsoiiions Oxide 
in .\1j;riiis. per (irani 
of Woo] treated. 

Wool from ewe (dipped witli earbolic. dip J5 

months prcvioui^ly).0-047 

Wool from faml^*{motlier di]>pcd shortly * 

, before^ta birth).^ 0-019 

Wool from lamb (motiier tipped with arseni- • • 

cnl dip) O'ffOOfi 

Even wool after fnantifacture shows traces, as given 

below:— 
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Flannel from natural wool 
Hcriin woor(\vliito) 
Flannel (Welsh). 

„ (cream'' . 

Wool vest (inhlyetl) 


Arseuious Oxide 
ill Mgriiis. per Gram 
of Material treated. 

. 0*005 (0 0*009 

. ooav 

. 0015 

. 0*004 

. 0*011 


This arsenic is, liowever, in too small quantity to affect the 
dyeing process. , 

Temperature of Dyeing. —Nearly all wool dyes are 
applied to the filire at a high temperature, very frequently 
at the hoiling point, 212" K, and, from the nature of the 
way in which the wool and admitted .steam are related in 
the vat, frequently at a higher point than this. In looking 
at |he action of heat upon wool it has been seen how 
deleterious this is when the lustre of the wool is to be 
preserved, and how much the sensitive and delicate surface 
of the epidermal scales is inj\ired by it. The necessity 
for thi.s seems to arise from the fact that certain of the 
associated fats are more soluble at a high than a low 
temperature; that the cell-walls being expanded by the 
heat are reiidei-ed more pervious to the colouring matter 
than when cold ; and perhaps most of all that there is, as 
every microscopist who has examined iibror knows, a large 
quantity of air always enclosed within the fibre walls, 
which resists the entrance of any solutions and, until 
removed, prevents the osmotic action of thp cell-waMs, and 
the heat of the boiling w-ater ami the agitation occasioned 
. by it^materiaUy assist the disengagement and escape of the 
air, and thus leave the passage for the entrance of the 
colouring matter free. Another important point to notice 
is the influence of temperature. 

Temperature ?,nd Absorption.— Chemical action in 
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relation to the changes occurring in the dye-bath was 
cg-lculated by Hood {Phil. May* 18f8), from data 
obtained from Ilarcourt and Ksson, to bo proportional to 
the square of the temperature. * 

Mills and Tvcnnie {Soc. Jonni. Chm.^Jinl. vol, iii. p. 
215) found some remarkable results by dicing wool Vith 
rosanilino acetate. .5 grms. of wool were dyed in 200 c.c. 
of a solution of the dyo^containing *1 grm. per litre, witJi 
the following results 

Result. 

No colour dopositc<l. 
Miixiimim „ 

Very liltlc „ 
fair auioiiiit „ 

It will be noticed that there is a sudden change at 17R" F., 
as the colour seems to lose its attraction for tli# libre, Which 
they think was due to the increased solubility of the dye 
.■in the aqueous solution, and, therefore, the increased resist¬ 
ance to absorption; and the reverse action, again, above 
178" F. may be due to the fact that basic dyes above this 
temperature, and at the boiling point rosanilino salts, arc 
decomposed and the colour entirely destroyed if the action 
is prolonged. In*dj'cing with thc^jp colours the solution 
should not bo too strong, and proportioned to the cpiantity 
of wool to bo dyed, and the temperature about 112" F, 
seems to be the b«st ai^l injures the lustue of the wool the 
least. ■ Woql in practibe is usually dyed iu an acid bath, and 
gradually raised in temperatiio up to close on* the boiling 
point. For colours such as alkali blue, the dyeing is usually 
in.a,noutral liath, and the acid used to develop the colour 
added at a later stage. 

Distribution of Dyes.— In making an examination of 
* 2 F 


Tcmimratiire 
of Dye-lialli. 

,7(1" F. 
88° F. 
178° F. 
212° F. 
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the wooVfibros under Ihe. microscope, dyed with substantive 
colours such as the anilines, the author was particularly 
struck with the same peculiarity in wool which he noticed 
in cotton with these colours, viz. the very great evenness 
and diffusion which was manifested in the arrangement of 
the colouring material. It seems to make little difference 
what may be the special colour examined, for all tlio aniline 
colours seem to penetrate every part of the fibre; and 
although there arc individual fibres which do not seem to 
absorb an equal amount of colour to the others with which 
they are associated, if they take aqy tincture whatever it 
is evenly dilfused when compared with such a colour as. 
iydigo. 

When examining a nupiber of yarn dyed samples of wool, 
tlw author found that although the diffusion is wonder¬ 
fully even on the surface of the fibres it does not always 
penetrate to,the centre of the fibre, and when it docs so the 
depth of shade is not so great as on the surface. lie 
found also that difterent parts of the same fibre were un¬ 
equally coloured, but the different parts were not separated 
from each other by any distinct divisions, but by slow 
gradations diffusing gradually into the lighter .shades. When 
ilycing the fibres in small samples in the laboratory, he 
always found that if the wool was thoroughly cleansed and 
a sufficient length of time allowed to absorb the dye, when 
the fibres were examined, under even the highest powers, 
the colour was uniformly diffused, through every part of 
the fibres where a cellular structure was distinctly visible; 
and even w‘herc it was not, aSid the fibres showed indica¬ 
tions of' kempy structure, the surface of the fibres was 
sufficiently stained to prevent the difference being noticed 
when reflected and not transmitted light was used. Pig. 
7G gives an illustration of wool fibres dyed red with an 




Fifl. 76.—IJbres 0 ^ Wool dyed with a Re4 Azo-dye, aud 
viewed with t^uamitted light, x 430 dianeteii. 
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. azo (lye, in which the general diflusion of tlic dyj over the 
whole surface of the fibre is seen, when'vicwcd with trans¬ 
mitted light, but in some parts of the fibre the dye is 
deeper in shade than in others, and this is distinctl}>raarkcd 
in the centre of the filire A, while not so marked in the 
fibre B. In the section C the distrilmtifin of the c/ye is 
not so even as on the surface, but probably the mottled 
appearance on the surfa^i'. of A arises from the light having, 
in passing thrifugh the fibre, to traverse areas of uneijual 
colour, as seen inthe section, which noverappears to penetrate 
entirely to the jjpnti^. Some of the azo dyes, wiiich 

• yield all shades of colour, show a more even distribu¬ 
tion than the red,’and tliis is specially marked in the 
lighter shades. It may also l^e stated that with trans¬ 
mitted light the shades arc much lighter than when ^the 
light is reflected from the surface and al.so the shade is ralher 
different. In the red it is less crimson ai*il in tlfc azo- 
ycllow, as seen in Fig. 77, it appears to bo less of an 
orange-yellow, and more ajiproachcs a canary yellow. The 
yellow shade is wonderfully even, and in the section at A 
it will b(?seen that the dye has in this case penetrated to 
the centre of the fibre, although there is an annulus of a 
deeper shade around the margin, but it is not so nnoven as 
in the red. In both the fibres B and,C the diffusion seems to 
1)0 equally regular, but there is always a tendency to a deeper 
shade in all tlie dyes just at the base of the individual 
scales, as if larjior masses cf colour wei» retained just at 
the junction where *tho free margins of the overlapping 
scales occur. • ♦ . • 

Great advances have been made in synthetical dyes, and 
some of the yellows, blues, and scarlets produced by them 
are now as permanent hs any of the similar shades derived 
from other sources. The vpry fact that it is possible to 
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proiluoe l^y them so many shades, and that they are capable 
of such very easy molecular displacement, renders theiil 
ecjually liable to easy deterioration as reflecting sni’faces. 
When the wool is imperfectly prepared for dyeing even 
these readily uniting colours will not be absorbed evenly; 
and, indeed, when the wool is perfectly prepared, the 
very great affinity of the fibre for the colouring matter 
becomes a difficulty, because those fibres whidh are most 
favourably situated, as when on the outsido of the yarn or 
piece,-will t;iko up more than their share from the solu¬ 
tion, and thus leave the others with Ic^s, Hence in the 
dyeing of these colours it is best to introduce the colouring 
matter at several times, so as to provent the acquisition of 
too deep a shade by those fil>res which from various causes 
are aide to absorb it. So great is the affinity of wool 
for these colours, that when left for a sufficient tirnb in 
the solution the fibres will remove and fix all the colour, 
leaving the original solution perfectly uncolourcd, and in 
practice it is usual to introduce sulphate of soda, borax, 
alum, and various other substances along with the dyc-stuft’ 
so as to modify the action and render it less energetic. 

Pure Water. —It may not ho out of place here to point 
out the great importance of using pure water for • all 
dyeing purposes, because the impiiritios in tlio water, 
which often arc very various, will introduce a series ^of 
imperfections into the dyeing of colours which (^nnofc be 
overlooked when good and perfect v'ork r to be obtained; 
fdr while, in the general sense of the term, .the practice 
of dyeing is not under conUderation here, it will be 
readily seen that with colouring matters which are so. 
readily acted upon as the anilines, the presence even of 
small quantities of the sulphates, chlorides, ®r carbonates 
of lime or magnesia, or worse still of iron, or the presence 
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of tho alkaline carbonates, sifcb as potash or %o(la, will 
materially influence not only tlie shade of \hQ dye but its 
diffusion and fixation within the. fibre. 

On no occasion has the author ever found the aniline 
coloui-s to exist in a distinct molecular li^gicgation ijithin 
the fibre walls, for whether the tint is dark or light, it is 
always marvellously diflused through the whole cell-walls, 
so that they retain Aeir apprent translucency wlien 
subjected to transmitted light. 

Indigo Dye.—This remark docs not apply to Ml the 
substantive coloiffs if* indigo is to be included among.st 
* them, because this colouring matter in itself ciin hardly be 
s;ud W have a direct aflinity for the fibre, since it is ilot 
soluble in its coloured condition^ither in water, alkali, or 
dilute acids, and hence cannot be introduced into the 
interior of tho fibres; but it can be rendered soluble by the 
action upon it of nascent hydrugim, two utbms of which 
unite with two molecules of the coloured indigo and form 
a double molecule of a colourless body, known as a lenco 
compound, which is termed white indigo, and which is 
soluble in alkaline solutions, such as lime, soda, or potash, 
and can thus be introduced by diflusion into tlic interior of 
the fibres. Whjn fibres whicli have been impregnated 
with this colourless indigo arc dri«d out of contact with 
oxygen they appear to have acquired a yellow tinge, both 
examined by reflectcai and transmitted light, and the shade 
appears to bo vefy upffomily distributed*within the fibres; 
but* when th# fibres, after ii^rcguation with this substance 
and before drying, are permitted to come inWccyitact^with 
oxygen, the double colourless indigo molecule is again 
broken up by tho removal of the two atoms of hydrogen, 
and tho two molecules of coloured indigo arc precipitated 
within the constituent cells of the fibre. . . 
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This irjiietioii may bc^ coproscntcd by tlio followin^^ 
equation:— 


0,,.:{,,N.,0.. + 0 = 2aH,NO + OH., 


Colourless 

iiulii-'o. 


Oxyj'eii. 


llluo 

iiidif'o. 


Water. 


In the indigo vat there is always, in consequence of the 
contact with the air, a quantity of the coloured indigo in a 
state of mechanical suspension, and always on tlio surface 
of the fibres as they are withdrawn from the vat a quantity 
of thd colourless and coloured indigo adhering to the 
sui'face of the fibres, and consc<iuently always a large 
quantity of surface coloration; and when indigo-dyed 
fibres are examined beneath the microscope, the dark 
masses of the non-crystalline indigo arc seen adhering to 
air the surfaces of the fibre, and penetrating beneath the 
overlapping .scales which cover them. Even when this 
surface coloration is removed, the appearance of the 
dyc-stufi'within the fibre is very different from that of the 
aniline colours. In some places it seems evenly difiused 
tlivough the cell-walls, but when examined with high 
powers there is always a grained structure visible, as 
though the colouring matter itself was not chemically 
united with the substance of the fibre, but associated along 
with it in a niechanicid form, yet so intimately that it is 
impossible to separate one from the other. The difference 
between the regular and transparent diffusion,, of the 
aniline and indigoMs of course much more marked in some 
fibres than others, and even in the different parts of fhe 
saniq fibr^;' but the author cannot come to any other 
conclusion than that we must look upon indigo as more 
mechanically than chemically associated with the fibre, 
and that it owes its permanence of colour not so much to 
the chemical stability of its union with the fibre as to its 
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natural fixity of colour as mlistance, and tJiSs wlieii 
enclosed within the fibre walls, l)y beiitg tifrown down as a 
coloured insoluble precipitate from a colourless solution, it 
is firmly retained there, and nothing but the destmetion of 
the fibre can destroy it. The action of the dye upon the 
fibre is exactly the same even when synthetical im^go is 
employed, which has largely superseded the natural 
product. Fig. 78 represents wool fibres dyed with .syntlietic 
indigo, and in those the peculiarities of distribution noted 
above are clearly seen, And can be compared with tJiose of 
the wool fibres d^ed*wit!i the azo-aniline colours given in 
Figs. 76 and 77. Evbn when viewed with transmitted light 
the unevenness of the distribution of the colouring rnattip’ is 
evident in both the fibres A and^ and also in the section B. 
The dye lies in patches on the surface, and specially wear 
where the free margin of the scales touch the fibre in A and 
C; and in the section B the annulus of coiour round the 
margin is specially dense, while the centre of the fibre is 
almost entirely uncoloured. In many fibres the difiusion 
is far loss even in both cases. All vat or leuco dyes 
present ?i similar appearance, but in the case of logwood 
the dye is more even than with indigo. The union of 
the indigo with the wool fibre appears, however, to he 
more intimate than with cotton^ notwithstanding wliich 
the indigo is more permanent on the cotton; but this 
seems arise from the fact that from the nature of the 
cotton fibre, \«hich'iias an internal eavity except when 
perfectly rjpe, it can retain the coloured* indigo in larger 
masses, and tlieso resist tlAj action of wear and toiir better 
than the smaller molecular aggregations in the* more 
complex wool. It appears, therefore, that we must regard 
the union of indigo with wool in a different light from that 
of the aniline colours, and g)n8idcr that it probably stands 



440 


fi'OOL FJB^E 


CHAP. 


intermediate between tliose^which require no mordant and 
those which arc only mechanically associated. *At the 
same time it is necessary to mention' that in the case of 
thoroughly cleansed wool, the same a.s cotton, the author 
was never able, after once the wool had come in contact 
with Any salt, such as the prussiate of potash, to remove 
the w'holc of this salt from the fibre by any moans 
employed. This seems to indicate that there must be 
more than a mere mechanical retention within the fibre, 
for a part of the solubility scorns to be lost, and thus the 
complete removal rendered impossible, , 

Mordant Dyeing*.—Neglecting iho aniline colours, 
hov^ever, the most important class of colouring matters 
which arc u.sed in the dyeii^g of wool are those which have 
no direct affinity for the fibre, and therefore require the 
use of mordants for the purpose of fixing them, while at 
the same time ♦they exercise no deleterious action upon the 
colour. When treating of the mordanting of cotton it was 
seen that the mordants in use were very numerous, and 
consisted of metallic salts and various organic bodies, such 
as oil or albumin. In the case of wool the latter arc 
never used, and the mordants arc exclusively metallic 
salts, and mostly those of aluminium, chromium, iron,, 
copper, and tin. These Salts fulfil all the requirements of 
good monlaiits, becjiuse they are completely soluble in the 
water employed as the Ihpiid menstruum, and yield when 
absorbed within the: fibre an insoluble deposit which readily 
combines with the colouring matter; and they s^re cdiJabjo* 
of such even- distribution through the fibre that they 
provorit the uuoven appearance which ahvays occurs- 
without their use, even when the colouring matter used 
along with them has an affinity for the wool, by modifying 
and tempering the action. 
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Flo. 78.—B’ibres of Wool dyed with Synthetic Indigo, and 
viewed with tfansmitted light, x 430 djuneteA. 
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The suits uf those metals .which are iiseil aje various, 
and have mostly hcen arrived at as tHe rSsult of jiractical 
experience; hut as‘their action has bjei^furtlicr investi¬ 
gated, good reasons can now generally he given from a 
chemical point of view why they should Ire used. 
Aluminium is generally used in the forut of alum or ahniu 
cake, chromium as the bichromate of potash or soda, iron 
as the protosidphate of nitiatci, and copper as the sulplfate. 
In tin the sohttions most in use arc the chloride, bichloride, 
and nitrate. 

Those who a|^ chemists will, in looking over this list, 
notice that most ot these salts are of a very unstable 
character, in whiclt the acid and base are united together 
by very feeble affinities, so tlfit in the presence of the 
wool Hbrc, and esjrecially at a high temperature, they am 
decomposed, and an insoluble deposit is thro-wu down 
within the meshes of the fibrous struature, vfliich is 
generally either a subsail of the metidlic base, as in the 
case of the iron and tin conijiounds, or a hydrate, as in the 
case of the aluminous salts, or a mi.vtnre of the two. In 
the castf of the bichromate of potash, which is one of the 
salts most largely \ised, the action as a moidant is diderent 
to all others because its constitution is ilitlcrcnt. “ Tho 
metal which is*doposited as a hydrate upon tho wool is 
liresent in this salt as tho acid, and nut as the base, which 
is pot^fk Bichromate of potash may ho represented as 
being neutral fellow chromate of pofish in pombination 
with dry (jjiromic acid, thus’ 

K^CrjO; = -f CrO, 

Bioliromato Chromate Cliroiiiie 
of ^lOtasb. uf potasli. acid. 

. To obtain the full effect of the bichromate as a,mordant 
^sulphuric or formic acid is usually employed along with it. 
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altliough'it^ can be employee? Avithout the aciel;* The whole 
or major part of <i,lie tliromic acid is thus set free :— 


K^Ci^O* + II.,SO^ + H.p =< K.SO.J + 2II/hO^ 
IJiciiroiuato Stilpfmric trr. , Sulplmto Chromic* 
of potash. acid. ^ ’ of potash. acid. 


Chromic acid is a most powerful oxidiser, and acts 
ener^'ctically upon w’ool, and should therefore be used with 
caution. The wool furnishes tlie reducing agent, probably 
in the form of hydrogen, which acts upon the chromic acid, 
thus:— 




2II,,CrOj + 8IC = 2 H 2 O +*Cr2(HO)^ 


(,'hromic 

acid. 


Hy<liogoi). Water. 


Ghioiiiic 

hydrate. 


Tlic chromic hydrate thus produced is deposited upon the 
wool as the mordant hydrate. A portion of neutral 
chromate of putash is also usually present in the fibre.” ^ 
Mr. Jarmaiu also adds: “I have ascertained experimentally 
that it is not siifc to use more that 3 per cent of tlie 
weight of the wool of bichromate, for if 4 per cent bo used 
the colour becomes impaired, and if 12 per certb'bo used 
the wool cannot be dyed at all with logwood, and the 
curious effects of over-chroming are produced. Tlicso 
cffect.s are duo to the o:^idising action of ^no chromic acid 
upon the wool. When a still larger (piantity of bichromate 
is used along with the sulphiu’ic acid, the wool is dissolved 
and a solution of chrome alum is obbrdned^’ To prevent 
the action of the thromic acid on the wool itself, ^-estiluners 
such as tartai’K and lactic acid a/e frequently employed. 

Reducing Action of Wool. —It has already been seen, 
in speaking of the dyeing of cotton, that there is a curious 
reducing action of fibres upon metallic salts, and the same 
1 Cautor Lectures oij Wool Lyeiug,. G. Jarmain, P.C.S., etc. 
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remarks apjily also to wool. .Whether or not till action is 
the result of the power of occlusion oi a krger ijuantity of 
oxygen than is normally present, or the result of a catalytic 
action between the metallic salt and the fibres, is<it present 
involved in mystery, but it may explain or at any rate may 
have something to do with the action^y means of which 
some of the mordants are dcjiosited and retained within 
the fibres, and the investigation of these obscure roact-iona 
may ultimately throw a now light upon some of the 
operations which at present arc very imperfectly under¬ 
stood. In tho^ ca^es indeed, in wliich the mordant is 
oxidised within th5 fibre meshes, as when ferrous hydrate 
is changed into fefric hydrate by the action of the aii; the 
reducing action of the fibres^is sufliciently powerful to*^ 
prevent or at any rate materially retard an entire clwnge, 
and as a consequence the ferrous hydrate may bo detected 
in combination with tlic wool months afUr the wool has 
been mordanted. 

In speculating on what is the cause of the relation 
between the fibre and the mordant, the chief interest is in 
the faci itself as modified by the presence of the filire; and 
it has often appeared to the uutlior that we cannot form 
any correct judgment in regard to the matter by any study 
of the rcaction*bc4ween the substj.nccs used for mordanting 
and any decoctions of the dye-stufis, such as is evinced by 
precipitates obtained by their mixtures, unless wo take 
also into acccyint. tiio modifying action of the presence of 
the fibre j^tself. • 

While the mordants ftsed in dyeing w^ol are almost 
exclusively readily soluble metallic salts, the dyes, apart 
from synthetical ones, are almost entirely decoctions of the , 
colouring matters \vliich are extracted from the various 
kinds of yellow and red V'oods, such ns logwood or brazil- 
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wood, or' o{ some of the. Cfdpuring matter extracted from 
lichens or weeds.*' 

The action of all these colouring matters is somewhat 
similar so far as their relation to the fibre is concerned, 
because, although they arc capable of imparting colour to 
it, the colour is more or. less transient and inicven unless 
the fibre has been previously mordanted. Of course the 
colour is varied by the diflcrent Idncls of mordant-and 
wood used, and since it is pos.sible to obtah'i red, yellow, 
and blue, almost any variety of colour can bo obtained by 
varying the proportioiis of each. As we arfl not cousideriug 
the wliole subject of dyeing, but only'the relation of the 
fibre, to the colouring matter, it may‘suffice to confine 
oiu'selves to the cxaniinatiov of the relation of one of these 
coIoi>yitig matters alone, which may serve as a type of the 
rest. 

Logwood Dye. —Undoubtedly the most important 
natund dye-stutt’ employed in the dyeing of wool is logwood 
and the colouring matter which is extracted from it. One 
important advantage of the use of logwood is that it dyes 
the vegetable as well as the animal matter, and tljiS masks 
many defects which might otherwise bo apparent. Log¬ 
wood is principally obtained from Central America and the 
West Indian Islands, and^is the wood of a‘trco named by 
Limueus llimuloxylvn camjwchiimnvi. The large logs in 
which it is imported arc ground into chips or raspings, 
ajid the colouring iiw‘tter is extracted *by tl>^ use of water 
or spirituous solvbnts, in the latter of which jt is'mos]^ 
soluble; The colour of the extrket is a fine red, inclining 
towards violet or purple, and if I'^ft exposed to air becoming 
yellow, and finally black. 

Like indigo, the colouring matter of logwood is capable 
of existing in two forms—hcemat^oxylin, which is colourless, 
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and may ba represented by tlic formula ; and a 

coloured body, hmmatein, which ccnitaias two atoms ot 
hydrogen less, OisH'jjO,., Hy oxidation on exposure to air, 
the hiematoxylin is robbed of two of the hydrogen atoms 
and changed“into hiematein, and it is this body whicli is 
the colouring matter used in dyeing. *«An almostlnfinitc 
variety ot shades of colour can lie produced by logwood 
alone, but this range ij very much extended by combination 
with other dye stuffs. 'When fibres which have been dyed 
with logwood are examined under the microscope J,hcy arc 
usually'dyed ffmplptely through, especially when wcU 
mordanted.' If the'fibre is broken up, the colour, whatever 
the shade may be,*secms to penetrate into the interior of 
the constituent cells, so that tl^ere is no wonder that it is* 
so largely used not only by itself but also to form a topping 
for other colours. The author, however, has found that 
all the fibres in a lock of wool do not ^cm capable of 
cijually receiving the colour when subjected to exactly the 
same treatment for the same length of time. In the case 
of the coarser and more robust fibres, when the external 
scales awe large and few, .as generally found on the flanks 
• of the animal, the colouring matter seems to act on the 
cellular mass within the fibre with greater readiness th.an 
the external scJlos. When the cjwracter of the scales is 
transparent, as in the case of the bright deep-grown 
English rtools and the mohair wool, this resistance of the 
external sheatj of *c fibre to colour is of less importance 
thanlfhen the exfernal scales are morearpaqne, as in the 
case of the alitaca fibre, b(#ause the coloureddight fr«n the 
deeper layers is transmitted through the outef sheath, and 
thus the general depth and regularity of the colour is not 
impaired.' IVhen,’ h’owevcr, as in alpaca, the scales are 
more opaque, thi^ fcsistaqfe of the o*iter sheath is mfire 
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importanV/because the .wb<?le structure of athe fibre is 
denser, and as tbs3 colouring matter is more topical it is more 
liable to removal by the application ot surface friction or 
heat, and^tho goods acquire a shaded or faded appearance, 
and the less transluccncy of the scales prevents the trans¬ 
mission of the coloured light from the deeper seated layers. 

This structural peculiarity ought always to be taken 
into account both in the dyeing a^ul finishing of goo{ls, 
because the colours arc less easily fixed, and more easily 
disturbo.l, on all those fibres where the cjudcrmal scales 
^re large an<l dense, than where ^bey,,..are small and 
transparent. When these two fibres' arc mixed in the 
same fabric the treatment must always be in view of the 
former class. ^ 

When fibres of wool which have been dyed with these 
colouring matters are examined under high j>owcrs, it will 
be fouml that ttot only <lo the separate fibres exhibit great 
difTcrcnces in the power which they seem to possess of 
absorbing the colour, but that the same fibres exhibit 
considerable differences in their various parts. This, 
probably, to a certain extent depends upon the nature of 
the cell-contents which are contained within the cells 
which constitute the fibre. >Some of the colls are almost 
unaffected by the dye, wljilc those immediately surrounding 
them apjMiar uniformly dyed. When speaking on the 
nature of “ kemps,” it was pointed out that in soiqp cases 
this solidity of structure commenced vith isolated cells at 
first, and that these gradually incrcase(f until th^ strficture 
was manifest dn the whole thickness of the fibre; and it 
appear that' in some fibres at least we have this solidity of 
structure appearing in isolated cells, and never proceeding 
beyond them. The better the class of wool the less 
irregularity there seems to bo pot only in the mechanical 
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structure o^thc respective fij)|es*as a w'hole, bflt also in 
that - of their component parts, ai¥l it cannot he too 
strongly urged tha^ in all cases where great perfection of 
dyeing Is desired there should he special attenti<jn paid to 
the classification of the wool out of which the goods arc 
made, for the perfection of the whole only be ifttained 
through the perfection of the var ious parts. 

Finishings- -Before passing to the conclusion of the 
subject it is not inapjwopriato to refer to tlie rejation of 
the wool fibre the fii'isliing process, to wliioh most goods 
are subjected beforolreing I'eady for the mcrcliaiit’s counter. 

This process varies very much with tlic class of goods 
and the nature of the tinisli wlii(;li is requir’ed, and this* 
difiercnce in requirement necessitates a considerable var ia¬ 
tion in the mechanical and chemical jri'ocesscs to which 
the goods ai'e snlqccted. , • 

As a rule, the chief agents cmjdoycd in finisliirig arc 
heat, moisture, anti pressure, along wnth’ a certain and 
variable amouirt of stretching or strairr, botli latcrul and 
longitudinal. Sometimes a milling or fulling procc.s.s is 
introduced so as to shrink and mat or felt the fibi'C.s, to 
give increased substance and body to the good.s. Irr 
addition to thil for certtiin classe.s of effect it is necessary 
to crop the surface, so as to remove the 8U|>crffuous fibre 
mechanically, or else to singe away this fibre by the passing 
of thc*surfacC^ver gas flame or heater^ copper plates. 

Action of Pressure on Wool—wiiot/speaking of 
^he relation-of the wooldibres to longitudiiial strains, we 
might have also considered the action of iff-essui^ upon 
them, hut forbore to do .so until we had considered the 
action of heat ^nd chemical reagents, because when 
subjected to these two influences thieir behaviour under 
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pressure (s.inodificcl, and this plays an irapor^nt part in 
the-finislung pr<ycss^ When a fibre is subjected to the 
influence of moisture the curl is increajwd, arising from the 
uricqual e;:pansidn of the component colls; but if subjected 
to longitudinal strain when in the moist condition, and 
permitted to dry v.'^dle thus elongated, the curl is entirely 
removed, and a permanent set or fixation of the straight 
fibre occurs, accompanied hy a permanent loss in elasticity. 
In tl»e same way, if the wool fibre is siibj^ted when in 
the natural condition to lateral pressure, the natuml 
elasticity of the cortical part enables much^of the original 
form of the fibre to be recovered wien the pressure is 
removed. At the same time, if the*pressure is long- 
‘continued, the fibre becomes more or less flattened, so that 
the section of tlio filu’o changes from a rounded oval to a 
flattened ellipse. Tliis is always accompanied by an 
increase in the J\istrc of the sui facc of the fibre, because 
all the compouent paiU arc flattened down. Thus, the 
dispersion of light from the surface is avoided, and the 
rays arc thrown off in sheets as from the surface of glass 
or polished metal. When fibres are 'heated, es^iceiully 
along with moisture, the albuminoid’cells'arc softened, 
and thus rendered non-elastic and plastic, so that they are 
easily altered in form and flattened hy the pressure. If 
permitted to dry under tlie pressure, the flattening becomes 
permanent. The author examined a number of fibres under 
the microscope aftqp being subjected^ to v^tious ctegrees 
of pressure *bct\y«en both hot and cold plates, and^both 
when*dry and moist The diftfronce in form was quite 
apparefit When subjecteil cobl pressuro^tho time 
required for alteration in form was very much longer than 
when hot and moist. In the latter va^e, the fibres could 
be'changed by suflxeient pressure into‘flattened ribbons,. 
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and all traces of the ei)i(lermj^ Scales oblitorat#.!. This 
was always accompanied by a considty^abl# increase inlhc 
lustre, even when •the original lustrous surface of tlje 
scales had been impaired by the moisture and hc^t, before 
subjecting to pressure -the heat, moisture, and pressure 
removing the pitting of the surface, atnf,tlius restortng its 
reflecting power. Upon this action depends the production 
of lustrous surfaces jpy the hot-pressing of goods after 
subjection to gioisture, as well as the setting of goods to 
a certain width and length. It will, however, he easily 
seen that even w^this case, although it is possible partiall3; 
to restore the lustcc* of tlie fibre, it is not possible to do 
so to the same extent as it can be accomplished wheiUhe 
smooth lustrous surface of the fibres has not been impaired. 

Cleanliness. -It is essential to poi?it out how absolutely 
nccessjvry it is to take the greatest care in the cleanliness 
of all tlie rollers, plates, and every part the fuiishing 
machinery, because, when the fibre.s, especially when dyed 
light and delicate shades, are brought into close contact 
with the pressing surfaces they iire far more easily acted 
upon tluin is generally supposed. The author lias known' 
of many coses where defects in goods have been traced to 
the effects produced by various reagents wliich have been 
left upon the mill boards by the goods for which they had 
previously been used. 

The generajj prit^iples upon whicl^ all mapufacturing 
procesies which di^iend upon the transf®yning power of 
machinery%e based are |ow probably fixed for all»titno. 
Any advance which can Ijp made will depend far more 
upon attention and improvement in small details than in 
a complete revolutioti of the method of manufacture. 
Technologists can ‘only b^ guided h\ their search after 

2 0 
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improvelient by a much ^ore thorough knowledge of the 
exh.ct nature of^thcjpiaterials with which they have tb deal 
that they at'present possess, and thef author shall at least 
feel tha^ his eflbrts and time have not been wasted if they 
have in any measure contributed to this end. There is 
probably more toMearii chemically than mechanically, but 
this knowledge is more difficult to acquire. It cannot now 
be, obtained by lucky guesses. The surface soil of the 
chemical field which lies open to the light of heaven has 
been well surveyed, and yielded rich results \ but the 
^knowledge now to be obtained lies beneath, and nothing 
but a thorough acquaintance with the great law’s of o 
chemical and organic structure will enable us to penetrate 
the great secrets of nature.^ 



CHAPTER XV 

METHOD OF ANALYSIS AND DETECTION OF 
VARIOUS FIBRES 

Although this vcjuine deals exclusively with wool, it is 
often necessary to be enabled not only to detect the diflci encc ‘ 
between wool and cotton and bthcr vegetable and animal 
fibres, but also between the various kinds of wool and 
vegetable fibres which are closely allied^to cottpn, an<l 
which, although different in structure, are mostly impure 
or lignO'Celluloses derived from the bast*or inner bark 
of the plant stem or from the leaves, and are not single-hair 
cells. ^Iso, now that cellulose is being so largely used 
in the manufacture of artificial silk or lustra-cellulose, 
it is often important to be able to say, or decide, the 
particular fonn^of the cellulose employed in their forma' 
tion, ie, whether the fibres sft'e derived from nitro 
comj)Ounds, pure cellulose, or mixed in origin, as when 
associated wit^ gelatine or dissolved si|)c, and woven along ' 
with ^ool 

* In determining these ^various points tJefe are jiow a 
Tiumber of methods employed which en^J»le all Iliese various 
questions to be very easily decided, and a complete analysis 
of any fabric contaimng mixed fibres or any mixture of 
fibres can thus b^ made. ^As a rule, in examining-amy 
45 * 
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mixture textile fibrcs®foi; commercial purposes, it is only 
necessary to diHing^iish between wool aiul other animal» 
fibres and cotton, flax, jute, hemp, and ramie in vegetable' 
fibres, and silk, cultivated, wild, and artificial, as these are 
almost all the fibres in general use. 

Thc^mejins empioyed are of two kinds— 

1. Mechau'u'ol, in which the specific diflTerences in struc¬ 
ture, as revealed under the micvc'icope, are seen ; and 

2. Chcmiail, in which the distinctive colour and other 
reactions, when treated with various reagents, are employed, 
or tjie variation in solubility or degreespof solubility in 
dift'erent reagents. Also the difference in degree of in- « 
flammability or behaviour when subjectod to various degrees 
of lieat. 

Ir Mirhaniod Aiudijds. 

This is specially valuable when the fibres are in a 
perfect-conditievu, and have only been associated together 
by the ordinary mechanical mixture and arrangement, as 
in the spun thread or woven fabric. 

It is also specially valuable and applical)le when the 
fibres have been dyed all one colour, or even different 
colours, which have not altered the mechanical structure 
of the fibre, as is mostly the case in textile fabrics. 

When the fibres are placed under the^microscope and 
examined, especially with transmitted light, and with 
powers varying from 20 to 500 diameters, which^^is well 
within the yange obany ordinary cheap yet^ reliable micro¬ 
scope, the fojlbwing distinctions ai'e usually elearly 
visible :— > / 

(a) Cotton presents the appe?,ranee of twisted collapsed 
ribbons, with more or less thickened edges, and exhibiting 
a wrinkled surface and a central cavity or lumen with 
cMudy and pith-like deposits. ( If the ^arn has been fully 
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mercerised, Jhe general character o{ the fibres is more robust 
and. full, with less characteristic twists in item. J'he 
geneiul nature of ^le cotton may b5 a8c*ertained by com¬ 
parison with J’igs.-1 and 2 in Chapter II. % 

(b) Flay, Hemp, and The general app»?arance of 
Flax is given in Fig. 3, Chapter II. T^e fibres always con¬ 
sist of a series of cells united together longitudinally^ and 
usually thickened at the point of juncture with a node or 
ring, which adds strength and rigidity to the fibre. The 
length of the cells in proportion to their diameter and the 
number of nodes on the fibre differ greatly in various 
qualities of flax® and the general appearance is also similtfr 
in hemp and other bast fibres; but in jute, which is also a 
bast fibre, the nodes are generally absent, althoug}> the^ 
point of juncture of the multiple cells is quite appai'ent 
by distinct constrictions in the central cavity, and in tnany 
cases an actual juncture of the cavity walls. The ends 
of all these fibres are pointed, and the cifiss-sectiAi of the 
fibres polygonal, except at the point, which is usually 
round. 

(r) //W.—The wool fibre is easily distingiii.shed under 
the microscope, and a typical fil>re is shown in Fig. Iff, 
Chapter IV. The fibre is always of a more or Ies.s cylindrical 
form, and not twisted like cotton, or flattened or polygonal 
in section like the bast fibres. lt*i.s always covered on the 
surface with rings of scales of more or less irregular form, 
with l!ne, smooth, or imbricated edges, which are always 
directed towif!-ds point of tlic. fibfe. Tht^’ differ very 
Biucfi iniorm and regularity, and also iif size, depending 
upon the diameter of tlie fibre, and tlie nwmbei^of the 
rings in a given length of the fibre atso varies. Usually 

also there are indications of a curl or curvature in the fibre, 

* • 

and these peculia;pties are always distinctive and enable it 
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Reagent. I 

■s e I 

CotUm. ^ 

Flax. 

Hemp. 

e 

Jute. 

c - 1 

Ammonia aolntion . i 


• 

Yellow or 
violet 


Chlorine water . .! 

Pleaches 

Bleaches 

Yellow-brown 

Violet on«ddi- 
tionofammonia 

Dupra*aminoiiium solu¬ 

Blue solution 

Blue solution 

Bine solution 

Blue solution; 

tion <•! 

0 




Cufiric sulphate . 

Iodine solution . 

Iodine and sulphuricatid 
Iodine and zinc chlorhle 

Yellow 

Blue 

Deep violet 

Yellow 

Blue 

Violet s 

Green 

Violet 

Light brown 
Ycllowtobrown 
Brown 

Lead acetate 


... 

. ••• 


Mercuric nitrate . - 
Nitric acid .• 



Yellow 

»... 

Picric acid* . 
fotash (caustic) solution 

Yellow 

j Brown 

Brown 

Brovfti 

Silver nitrate 

Soda (caustic) solution . 

Yellow 

, Brown-yellow 

Brown 

Brown 

Stadnic chloride . 

Black 

1 <• Black 

Black 

B4ck 

Sudar and snlplMine acid 
Sulphuric’aedd 

1 Dissolves 

Dissolves dark 
colour 

... 

Dissolves dark 

1 colour 

Dissolves 

Zinc chloride . '■ 

1 Pissolves 

^ Dissolves 

i Dissolves 

j Dissolves* 

1 yellow 

yellow 




tIble of rIsactions with 


Dyeing Material. 

Cotton. 

Flax. 1 Hemp. 

•lute. 

Acid dyes in general . 
Alpha-naphthol and sul¬ 

Red or violet 

1 

Ked or violet * Red 

Red 

phuric acid 

Cochineal tincture 

Light red 


Red 

Diphenalirnene and sul¬ 


j.. « 


phuric acid 


r] f 


Fuchsine solution 
Madder tincture . 
Mikado yellow . 

..f J 

^.TPellow 

Dyed 

1 ■■■ 1 

Orange r Reddish * 

Dyed DyedT 

' Reddish 
'Dyed 

I Thymol and sulfihuric 

. ^ Violet 

Violet j 


acid 

r 

1 ' 1 

' 


Tlie difference between mercerised and unmei-ceriseg. coicon is eaeuy.ue^wu u, 
Technical College. If the two cottons are immersed m a sohit on of zme chloride* IW 
solntionrof iodine in potassium iodyle has been yided, the ordinory cotfon 
colour acquired measures the degree of merceris^ioii to which the cotton has been suq}6C«^ 
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Ramie. 

Lustn-Celluloae, 

Wool and Hair. ' 

811.5. , 

,-«— 

Oelatiiie Silk. 



• « 

• 




Yellow 

Yellow 

Yellow 

; Blue solution 

; Blue solution 

Swells 


• 



Blaek 

^'iolct 

' • 


Yellow 


*... 


i Dull blue 

Blue 




i Dull violet ' 

Blue violet 


Yellow 

Yellow 



^ Black alkaline ; 


*... 


• 

.solution 

Red to brown 





Yellow 

Yellow 

• Yellow 


■ U 

Yellow 

Yellow 

Brown-yullow 
j Dissolves 

• Brown 

Yd low ; 

Dissolves 

Dissolves 

; 


Violet to brown 



i Light brown 

Yellow • 

Dissolve.^ 

Dissolves light 

Dissolves 

' Black 

Black 


red 

! * • 



Rose red 

Rose rcil 

1 

1 Dissolves 

Dis-solves 

Dissolves wlien 

Dissolves when 

' Dis^lvcs when 

Dissolves 

Dissolves 

hot 

Di.ssolves 

liot 

Dissolves 

1 hot ^ 

j Dissolves 


yellow 

slowly 


: * slowly 


VARIOUS DYEING MATBRIALS 


• 

Ranne. • 

liUstra-Collulose. i 

Wool aii'l Hair. 

Silk. . j 

Gelatine Silk. 


1 

Dyed 

• Dyed [ 

Dyed 

Red 

%d ! 

Keddisli-brown 

Yellow-brown i 

Brown 

Reddish 

Red 

Scarlet 

Scarlet i 

. Scarlet 


Blue 1 




• 

silk collodion ' 

Red 

Red 

Brown 

Ueddiah-brfflvn 

Yellowi 

... ♦ 



Dyed 

• Dve<l 


1 ‘ ! 



Violet 

i 

i 



the teat firat pointed out hf Prof- Julins Iliilmei- of the Mancheater Munidfji 
of solutiou g)ntamiiig 88'3 gi-aflimea of the zinc chloride, to which two drops ot 
while the mercerised cottoi takes a dark navy-blue colour. The depth of tli 
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at once to be differentiated from silk and all vegetable 
fibres. 

{d) Hair dltllrs ib appearance from wool, inasmuch as 
though it is u^ally covered with similar scales on the 
surface of the hair, they are always more closely adherent 
to the shaft of the hair, and the edges are not turned out- 
wanls. Fig. 61,'Chapter XII., called Mohair, gives an 
illustration of the fil)rc.s or hairs from the Angora goat, and 
Fig.* 16, Chapter V., shows the af)pearance of several 
different hairs. Alpaca, vicugna. Cashmere goal’s hair, 
all closely resemble each other and mohair in having the 
scales more, closely adherent to the shtlh of the hair 
than in the true wools. The hair of almost every 
sepa/ate class of animals has distinctive features, either 
in the form and arrangemeigt of the surface scales or the 
inter»al cells, and these will be separately treated in a 
future volume. 

(c) ^Ul:, which is a consolidated gum exuded from the 
glands of the sijk-wonn, has various appearances as derived 
from wild or cultivated worms. The cultivated silk, 
derived from the mulberry silk-worm, is shown in Fig. 4, 
Chapter IT., and has the appearance of a double strand of 
a clear, semi-transparent, lustrous, continuous fibre, with 
usually a rounded section in each of the strands when the 
cementing gum has been^'emoved, but the form of section 
differs slightly, depending on the position of the fibre in 
the cocoon. The wild silks always exhibit a fibre w4iich is 
much flatter* and irfegulaj* in section, 'and the fibres are 
usually much more striated on the surface in theedirection 
of theiijlengtjiVind larger in diameter tlian cultivated stlk. 

(/) Artificial silk 6r Instra-cellukm is, in appearance, under 
® the microscope, very similar to silk, butst does not exhibit 
the double strand of the cultivated silk, o^* the flattened and 
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Striated appearance of the wild silk, and the dificrence is 
better disclosed by cliemical Uitn microscopical ^fialy8i|. 

2. Vbeiniml A 110 1 if sis. 

Apart from the use of reagents, whi^h give distinct 
reactions with the various difi'erent fibres, there* is a very 
ready method of distinguishing l>etween fibres of vegetable 
ami animal origin, viz. by the way iif which they Inirn 
when a light is aj>plicd to tljeni. 

Feiji'fable Jihn'.s \vh^\\ dry all ignite readily and bnrn*\vith 
a coraparativhly bi-ight, smokeless, and odourless flame, 
and leave very little ash. If the flame is cxthiguishcd 
before the whdle o{ the fibre or threml is consumed, the 
vegetable is burnt oil' sharply at the end, and leaves a 
blackened or carbonised edge where the Imrning cease>l. 

Animol jihirs, even when dyy, and unless containing an 
amount of extraneous fat or oil, are more dilHcult to ignite, 
and unless the mass is large, the flame will fre<juently go 
out if the fibre is held horizontally, although, if held verti¬ 
cally, and lighted at the liottoni, it mny gontinue to burn 
witljout a fresh application of the light. The Haute is 
usually more or less,dull ami lifeles.s, ami burns slowly, 
with eViission of a disiigreeable cmpyreiimatic odour, resem¬ 
bling the smell of burning feathers, and when extinguished 
tho Iturnt edge is not clear and sliarp, but fu.sed into a 
rounded bcad^ike form, wliicb retains the odotir and feels 
sticky if crushed between the thumb and fingers. Vege- 
table^fibres, when soaked with any minertal acid ami dried, 
and then sukject^l to a dry hjut, r^idily l)acome charred 
.antf^all into dust, as in the process of cjitbonising described 
in Chapter XI., by meatft of w'hich all veget^Jde matter can 
be removed from wool ^r other anflnal fibres which aro 
unaffected by such strengtli of acid or acid salts. 

Alkalies havejin exactly opposite effect, and while they 
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readily dissolve animal fibres, have comparatively little 
effect fj^getable fibres, aspecially when the solution is 
not very strong. *XJsifally all that is required by analysis’ 
r* is to remove the vegetable from the animal fibre, which is 
the more •valuable, and not the reverse. When various 
animal and vegetable fibres are mixed and undyed, or after 
removal of the dj^e by bleaching, they give coloured 
reactions with various chemical reagents and solutions of 
. coloifring materials, and the tables giVbn on pages 454 and 
455, which have been carefully compiled frdhi a number 
of source!^, give these characteristic reactions, which are 
frequently pf service in distinguishing Vetwten them. 



